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IN'THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


) 

) 

FEDERAL TRADE COMMISSION, ) 

) 

Plaintiff, ) 

) 

v. ) 

) 

BROWN & WILLIAMSON TOBACCO ) 

CORPORATION, ) 

) 

• Defendant. ) 


) 


Civil Action 
No. 83-19401 

AFFIDAVIT OF 
ROGER D. KAMM 


COMMONWEALTH OF MASSACHUSETTS) 

: ss.: 

COUNTY OF MIDDLESEX ) 

ROGER D. KAMM, being sworn, states: 

1. I am an associate professor of Mechanical 
Engineering at the Massachusetts Institute of Technology 
("M.I.T.") in Cambridge, Massachusetts, a position I have 
held since July, 1981 . I teach courses in fluid mechanics, 
thermal sciences and heat transfer to undergraduate and 
graduate students at M.I.T. In addition to my teaching 
responsibilities, I have been engaged, in recent years, in 
research in the areas of biomedical fluid mechanics, fluid 
mechanics, and mass transport. I received my training 
at M.I.T. (Ph.D., Mechanical Engineering, 1977; S.M., 
Mechanical Engineering, 1973) and Northwestern University 
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(B. S., Mechanical Engineering, 1972). A copy of my curricu¬ 
lum vitae is annexed to this affidavit as Exhibit A. 

2. I was engaged as a consultant by the Brown & 
Williamson Tobacco Corporation ("Brown & Williamson") in 1981 
Brown & Williamson markets a cigarette under the name 
"Barclay", using a unique filter design in which air drawn 
through perforations in the filter tip travels through four 
channels along the edge of the filter to the smoker's mouth. 
The resulting "dilution" or "Ventilation" of the tobacco 
smoke causes a reduced delivery of "tar" and nicotine to the 
smoker. 

3. The Federal Trade Commission ("FTC"'): has been 
concerned with charges, raised by the R.J. Reynolds Tobacco 
Company, Inc. ("Reynolds") and Philip Morris, Inc. ("Philip 
Morris"), competitors of Brown & Williamson, that Barclay is 
not appropriately rated as a 1 mg. tar, .2 mg. nicotine 
cigarette. R.J. Reynolds initially propounded a theory that 
Barclay smokers crush the Barclay’s ventilation channels with 
their lips. Philip Morris' theory has been that Barclay 
smokers block the ventilation channels by draping their lips 
over the tip of the cigarette. My consulting work for Brown 
& Williamson has therefore been concerned with determining 
whether smokers actually crush the Barclay's ventilation 
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channels with their lips or block the vents at the filter tip 
and, if so, what impact this has on cigarette ventilation and 

delivery. 

4. My primary work for Brown & Williamson falls 
into two categories. First, in 1981, I conducted a series of 
tests intended to establish the range of pressures exerted by 
human lips on a cigarette filter tip during normal smoking. 
Because R.J. Reynolds' had proposed that the FTG use the Filtrona 
cigarette holder in its cigarette testing program, these tests 
also sought to determine the range of pressures exerted by 
the Filtrona and other holders used in machine testing of 
cigarettes. These tests showed: (1) that the average 
pressure exerted by human lips in normal smoking is; about 34 
torr, far below the level of pressure which would be required 
to collapse the channels of the Barclay Actron filter; and 
(2) that of the three holders tested, only the Cambridge 
filter holder historically used by the FTC in its cigarette 
testing program approximates the average lip pressure found 
in human smoking. (Torr are units of measurements commonly 
used to quantify pressure. One torr is equal to 11.316 x 
IQ’ 3 atmosphere.) These tests are described more fully in 
paragraphs 7-14, infra . 

5. In the second series of tests, beginning in 
June 1983, I designed an experimental apparatus for use by 
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Brown & Williamson scientists in tests intended' to show how 
the ventilation achieved by the Barclay filter is affected by 
incremental increases in pressure on the filter tip, combined 
with changes in the depth to which the filter is inserted: in 
the mouth. The data resulting from these tests show that 
cigarette ventilation does decrease with higher levels of 
lip pressure and decreasing insertion depth'. At lip pressure 
well above the human average of 34 torr, with maximum simu¬ 
lated lip drape and minimum insertion depth, the tar and 
nicotine levels of Barclay smoke remain at or near the levels, 
predicted by the cigarette's historical "rating" by the FTC 
method (1 mg. tar, .2 mg. nicotine). In these tests, simu¬ 
lated lip pressures much higher than any individual average 
found in human smoking were required to obtain tar levels 
approaching those which Brown & Williamson's competitors 
claim Barclay delivers. These tests are described more fully 
in paragraphs 15-24, infra . 

6. To the best of my knowledge, the tests 
described above are the only scientific work ever performed' 
to establish the extent of human lip pressure on filter ciga¬ 
rettes and the effects of such lip pressure, together with 
variations in insertion depth, on cigarette ventilation and 
tar and nicotine delivery. This work has shown that, by 
applying pressure well over the average human lip pressure 
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and using a minimum insertion depth, the ventilation achieved 
by Barclay cigarettes is not impaired sufficiently to dleliver 
"tar" 1 and nicotine levels significantly higher than the II mg. 
"tar," .2 mg. nicotine levels at which Brown & Williamson 
rates Barclay. 

A. The Lip Pressure Studies 

7. My initial lip pressure studies were conducted 
in , 1981. As noted above, the objective of the 

tests was to determine: (1i); the pressure exerted on the 
surface of a cigarette filter tip by human lips during normal 
smoking; and (2) the pressure exerted by three types of ciga¬ 
rette holders used in machine testing of cigarettes. The 
three holders included the Cambridge holder, used in the 
FTC's cigarette testing program, and the Borgwaldt and 
Filtrona holders. The Filtrona holder was propounded by 
R. J. Reynolds, for use by the FTC in testing of Barclay 
cigarettes. 


8. I developed a special measurement system to 
measure the pressures applied by the human lip to the surface 
of a cigarette filter. A latex bulb, one to two millimeters 
in diameter, was mounted directly on the filter of each test 
cigarette and attached to a low compliance pressure trans¬ 
ducer with a short section of hypodermic needle tubing and a 
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teflon catheter. The entire system was filled with' water to 
avoid 1 the effects of air compression. A calibration procedure 
was also performed on each test cigarette to standardize the 
measurements obtained throughout the test. 

9. Thirty-one human subjects, tested individually, 
were used in this study. The subjects were directed to smofce 
the test cigarettes normally, with the pressure sensing bulbs 
centered on the lip. Both Barclay cigarettes and Rich Lights 
were used in these tests. 

10. For each puff, the pressure changes were 
observed on an oscilloscope screen and the peak pressure 
attained! during each puff was recorded. Three average 
pressures were computed for each subject: an upper lip 
average, a lower lip average, and an overall averaged 

11. Results of the human lip pressure measurements 
showed that human lips exert an average pressure of about 34 
torr. The range of recorded pressures was from 2.7 to an 
extreme of 133 torr. 

12. We next measured filter holder pressure on the 
Cambridge, Borgwaldt, and Filtrona holders by inserting test 
cigarettes in the holders, adjusting the position within' the 
holder until the maximum reading was achieved, recording: all 
resulting measurements, and determining an average reading 
for each of the three filter holders. 
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113. Each of the three filter holders was found to 
exert greater pressure than the average human lip pressure 
of 34 torr, as follows: Cambridge, 1.4 times as large as 
the average lip pressure; Borgwaldt, 3.5 times as large; 
and Filtrona, nearly 15 times as large. 

14. The test methodology, apparatus, and results 
are more fully described in a report I rendered to Brown & 
in 1981. A copy is annexed to this affidavit as Exhibit B. 


B. The Lip Pressure/Insertion Depth Studies 

15. My initial studies did not control for varia¬ 
tions in the depth to which the test cigarettes were inserted 
in the subjects' mouths. Insertion depth is, however, believed 
to be a critical factor in ventilation studies. It is only 

at the relatively shallow insertion dtepths that it becomes 
likely that the phenomenon known as "lip drape" — the block¬ 
ing of portions of the filter tip at its very end by the lips 
— will occur. As noted above. Brown & Williamson's compe¬ 
titor Philip Morris has been the principal proponent of the 
theory that "lip drape" occurs in human smoking of Barclay 
cigarettes, causing occlusion (blockage) of the cigarette's 
ventilation channels at the very end of the filter tip. 

16. Accordingly, on June 25, 1983, I prepared a 
dtesign, for submission to Brown & Williamson, of a mechanical 
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device which could reproduce the conditions which have been 
claimed to impair ventilation in real smokers. A copy of the 
written proposal I submitted is annexed to this affidavit as 
Exhibit C. The results of these tests strongly suggest 
that the data generated in R. J. Reynolds' and Philip Morris" 
dilution studies were biased against Barclay. 

17. As of this date, the lip pressure and insertion 
depth tests have been performed with a smoking machine. The 
tests were performed in Brown & Williamson's laboratories in 
August, 1983, by Brown & Williamson scientists who consulted 
with me to develop and refine their test procedures and 
methodology. I designed the test apparatus, referred to 
herein as the "Kamm holder," which was used to simulate human 
lip pressure for purposes of these tests. A sample of the 
Kamm holder is being submitted with this affidavit as Exhibit 
D>. On August 16, 1983, I visited Brown & Williamson's labora¬ 
tories in Louisville, Kentucky. At that time, I was able to 
examine the test apparatus and to review the test methodology. 
I have also reviewed the report which was prepared by James F. 
Nall, the head of Brown & Williamson’s testing laboratory, 
analyzing the test results ("the Nall Report"). The Nall 
Report reflects that these tests were performed substantially 
in accordance with procedures which I agreed upon with Brown & 
Williamson's scientists, and I am confident of the accuracy of 
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the results obtained and the correctness of the conclusions 
reached. Indeed, my only reservation about these test data 
is that the tar values determined in the smoking tests appear 
to me to be higher than normal, based on' the ventilation rates 
established in the ventilation tests. In other wordte, I.sus¬ 
pect Jthat the tar deliveries may have been exaggerated, for 
reasons which are not clear to me. A copy of the Nall Report 
is annexed to this affidavit as Exhibit E. 

18. The test methodology was relatively simple. 

As noted above, we were interested in assessing the impact 
of variations in lip pressure and insertion depth' on ventila¬ 
tion. Accordingly, Barclay cigarettes were tested in a 
ventilation test (unlit) followed by a smoking test (lit) at 
* various different pressures and at varying insertion lengths;, 
i.e. , with decreasing lengths of the filter tip inserted in 
the holdfer. The pressures and insertion depths used in the: 
test were based on the best information available about 
human smoking behavior. The Kamm holder is fitted with a 
silicone rubber tubing, which, when pressurized, is designed 
to mimic as closely as possible the pressure of human lips. 

The modulus of the tubing determines its compliance or 
stretchiness. A low modulus tubing, the thinnest walled, 
most compliant tubing available, was chosen for these tests 
to simulate the most possible "lip drape." A medium modulus 
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tubing was also tested to give a basis foe comparison'. The 
test cigarettes were tested over a range of pressures and 
insertion depths in holders of the two different moduli, low 
and medium, in the ventilation and smoking tests. The 
orientation of the test cigarettes, and of the Barclay's; 
four ventilation grooves, in the test holders was random, 
so as to replicate normal human smoking. 

19. The basic test apparatus consisted of:; 

(a) a Kamm holder, specially designed to 
replicate human lip pressure when inflated!; 

(b) an apparatus for inflating the Kamm 
holder to apply pressure on the test cigarettes; 

(c) a Gelman holder; 

(d) a device, similar to the Philip Morris 
PPA, for separately measuring ventilation through' the: ciga¬ 
rette filter and flow through the tobacco rod; and 

(e) a standard Phipps & Bird smoking machine. 
The test apparatus is more fully described in the Nall Report 
(Exhibit E), and can be made available to the Court upon 
request. 

20. In the ventilation tests, measurements were 
taken from a sample of 12 cigarettes. In smoke delivery 
tests using 60 Barclays taken from the same population' 
employed for the ventilation tests, the "tar" and nicotine 
delivered through the cigarette filter were recorded. 
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21. The significant results of these tests are 
summarized as follows: 

(a) Cigarette ventilation decreases with 
decreasing insertion lengths ( i.e. , less filter inserted into 
the cigarette holder) and increasing pressures, especially 
when the cigarette holder simulates maximum "lip drape." 

However, even under these extreme, "worst case" test conditions, 
ventilation fell an average of 14% — not 30% — as Philip 
Morris claimed in its work with the PPA. Moreover, even at 

the very highest pressure level of 85 torr — well above the 
average expected in human smoking — and the shallowest inser¬ 
tion depth (4 mm), with maximum simulated lip drape, average 
tar delivery did not exceed 1.5 mg. per cigarette, well below, 
the 4-7 mg. predicted by Philip Morris and the FTC. 

(b) There is more change in ventilation 
rates for the relatively shorter insertion depths when tests 
are run on a cigarette holder fitted with a low modulus, as; 
opposedl to medihm modulus, tubing. 

(c) There is more variation among cigarettes 
at the relatively shallow insertion depths and relatively high 
pressures. 

(d) At pressures of 175 torr, well above the 
highest average observed in any individual human smoker and 


five times the average level of 34 torr, 
average of 4.1 mg. tar. 
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22. Clearly, the FTC's claim that Barclay delivers 
3-7 mg. tar in normal human smoking is not supported by these 
tests — the only tests known to have been performed in which 
insertion depth and lip pressure were precisely controlled. 
These tests demonstrate that at the upper end of the: range of 
pressures reasonably to be expected in human smoking, and the 
shallowest insertion depths, with maximum lip drape — that 
is, under "worst case" test conditions — Barclay's tar deliv¬ 
ery did not exceed an average of 1.5 mg tar per cigarette. 

In my opinion, these data strongly suggest that neither of 
the two ventilation reduction mechanisms alleged to be unique 
to Barclay — neither lip drape nor channel crushing — is a 
likely cause of any sizable ventilation reduction: or increase 
in tar delivery during actual smoking. Other factors which 
might account for reduced ventilation and higher tar delivery, 
such as puff volume, puff duration, or hole blocking, can also 
occur in smoking of all other low tar cigarettes. 

23. By establishing the effects on ventilation of 
limited insertion depth, these test results also show how 
distorted ventilation rates and tar delivery figures were 
produced in Philip Morris' tests with the puff parameter 
analyzer. Since Philip Morris’ test subjects had limited 
filter insertion depth available to them in the PPA tests, 
they were more likely to occlude Barclay's ventilati 
grooves in those tests. 
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24. The test methodology, apparatus, and results 


are more fully set forth in the accompanying Nall Report 
(Exhibit E), to which the Court is respectfully referred'. 

7 >- 

' ^oger D'. Kamm 


Sworn to before me this 
• ft- 

c day of September, 1983 


8 a 

Notary Public ~ 
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R: REDACTED MATERIAL 


ROGER D. KAMM 
Curriculum Vitae 


School 1 Address 

Massachusetts Institute of Technology 

REDACTED 


Permanent Address 

REDACTED 



■ ... 


C" 


EDUCATION! MASSACHUSETTS INSTITUTE OF TECHNOLOGY,. Cambridge, Ma. 

Ph.D. in Mechanical Engineering,’May 1977 
Thesis: “A 1 Study of External! Pneumatic: Compression for' 
the Prevention! of Deep Venous Thrombosis" 

Advisor: Professor A. H. Shapiro 
NIGMS Fellow,, Sigma Xi. 

S.M. in Mechanical Engineering, August 1973 
Thesis: “An Acoustic Amplifier for the Detection of 
Atmospheric Pollutants" - 
Advisor: ProfessorC. F.. Dewey; Jr.. 

National Science, Foundation Traineeship 

NORTHWESTERN! UNI VERS ITY, EvanstonIll inoi s 

8.S. in Mechanical Engineering, June 1972 

Tau Beta Ri, Pi Tau Sigma (Pres.h ASME (Pres.), Phi Eta Sigma 

Harry Coulby Scholarship, 1968-1972 

EXPERIENCE July 1981! - present: Associate Professor of Mechanical 

Engineering at M.I.T. Research: interests in biomedical 
fluid, mechanics, fluid mechanics and mass transport. 

• Teaching responsibilities in fluid mechanics, thermal 

sciences,, and' heat transfer. 

July 1978 - July 1981: Assistant Professor of Mechanical 
Engineering at HIT. 

May 1977 to July 1978: Lecturer and Research Associate in 
the Department of Mechanical Engineering at M.I'.T. 

January 1977 - Mhy T977: Instructor, teaching am under¬ 
graduate course in flluid mechanics at NI.I.T'.. 

June 1972 - May 1977: Research Assistant in M.I.T. Flluid' 
Mechanics Laboratory. 

HONORS Sigma Xi, Tau Beta' Pi, Pi Tau Sigma, American, Men and Women 

of Sicence, WhDi's Who in the East. 
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Publications of ROGER 0. KAMM' 


1. Books 

None 

• 2. Papers in, Refereed Jbumals, 

1. Dewey, C. F., Kamm, R. D., and Hackett, C. E., "An acoustic 
amplifier for-the detection of atmospheric pollutants," 

Appl■ Phvs. Lett. . 23: 11, 633-635, 1973. 

2. Kanm, R. 0., "Detection 1 of weakly absorbing gases using a. 

resonant opto-acoustic method,J. Appl. Phvs.., 47': 8. 3550- 
3558, 1976. - ~ 

3. Kamm. R. 0., and'Shapiro, A. H., "Unsteady flow in w collapsible 

tube subjected to external pressure or body forces,'" J. Fluid 
Mech .,95: 1, 1-78, 1979. -- 

4. Thrisk, R. B., Kamm R. D., and Shapiro, A. H., "Changes In venous 
blood: volume: produced by external compressiom of the llower leg," 

Medical and Biological Engineering! and Computing , Vol., 18, No. 5, 
pp. 650-656, 1960. : 

5^ Sliutsky, A. S., Draxen, J. M., Ingram, R. H. Jr., Kamm,. R. 0., 

Shapiro, A. H., Fredberg, J. J., Loring S, H., and Lehr, J. “Effective 
pulmonary ventilation with small-volume oscillations at high 
frequency,"' Science . Vol. 209, pp. 609-610, 1 August 1980. 

6. Kececiogllu„ I., McCTurken, M. E.„ Kamm R. D., and Shapiro, A. H., 
"Steady supercritical flow in collapsible’tubes. Part I: experimental 
observations," Jounral of Fluid Mechanics . Vol. 109, pp. 367-389, 1981. 

7. HcClurken, M. E., Kececioglu, I.,. Kamm R. D., and Shapiro, A. H., 
"Steady supercritical flow. In collapsible tubes. Part II: theoretical 
studies," JOumal of Fluid' Mechanics . Vol. 109, pp. 391-415, 1981. 

8,. Lueptow, R. M., Karlen, J. M., Kanin R. D., and Shapiro, A. H., 
■Circulatory model studies of external cardiac assist by counter¬ 
pulsation,," Cardiovascular Research , in press. 

9. Lueptow, R. M., Karl en, J,. M., Kamm R. 0., and Shapiro,, A. H.„ 

"Study of four modes of counterpulsative external cardiac assist 
(ECA)," 27th Annual Meeting of the American Society for Artificial 
Internal Organs, May 6-8, 1981, Anahemi, CA. To appear in the 198V 
A5AI0 Transactions. 
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Publications of ROGER 0. KAMM 


3. Proceedings of Refereed Conferences 

1. Scherer, P. W., Kamm R. D., and Shapiro, A. H., “External pneumatic 
compression for the prevention of deep venous thrombosis,” Proceedings 
of the San Diego Bio-medical Symposium. Vol. 14, pp* 403-407,, 1975. 

2-r Kamm,, R. 0., and Shapiro, A. H., "Hemodynamics of intermittent 
external limb compressioni," Fed. Proc. 10050, 1977. 


3. Kececioglu, I., Kamm, R. D., and Shapiro* A. H., "Structure of shock 
waves in collapsible tube flow," Proceedings of the_31st Annual 
Conference on'Engineering in Medicine and Biology . 1978. 


4. Thiirsk, R. B.» Kamm, R. D.,. and Shapiro, A. H., "Venous compliance 
of calf at negative transmural pressure," Proceedings of the 31st 
Annual Conference on Engineering in Hedicini"and Biology , l'978l 

5. Kamm, R. O'., and Shapiro, A. H., "The unsteady collapse of a 
compliant tube subjected to uniform external pressure," Proceedings 
of the 31st Annual Conference on Engineering in Medicine and Bioloov . 
1978.‘ 


6. Olson, D. A., Kamm, R. D., and Shapiro, A. H., "Experimental studies 
of external' pneumatic compression methods on a> model human, leg," 
Proceedings of the 32nd Annual Conference on Engineering In Medicine 
and Biology . 1979. 

i 

7. Holilars, M. G., Kamm, Rl 0., and Shapiro, A. H.., "Comparison of 
intermittent external compression methods," Proceedings of 32hd 
Annual Conference on Engineering in’Medicine and Biology , 11979. 

'8. Venegas, J. G., Kanrn, R. D., and! Shapiro* A.. H., Abstract: "A. 
simple pulmonary model of forced expiration," Proceedings of the 
33rd Annual Conference on Engineering in Medicine and Biology , 
Washington* D. C., 1980. 


9. Johnson, M. C., Kamm R. 0., and Shapiro* A. H., Abstract: "'A model 
for the flow of aqueous humor from the eye," Proceedings of the 33rd 
Annual Conference on Engineering in Medicine and Biology . 

Washington, 0. C., 1980. • 


10. Lueptow, R. M., Karlen, J. M., Kamm R. Dl, and Shapiro* A. H., 
Abstract: "Model studies of external cardiac assist by counter* 
pulsation," Proceedings of the 33rd Annual Conference on Engineering 
in Medicine and Biology . Washington* D.C., 30 Sept. - 3 Oct. 1980,. 


11. Kamm,. R.-O., Joshi, C., Slutsky, A. S., and Drazen, J. M.,. "Ventilation 
by high frequency, low volume oscillations," Proceedings of the 33rd 
Annual Conference on Engineering in Medicine and Biology , W&shiingto n n r 
1980. 
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Publications of REGER 0. KAMM 


12. Slutsky, A. S., Drazen, J. M., Kamm, R. D.» toning, S. lit., 

lehr, J., Ingrams, R. H. Jr., and'Shapiro, A. H., Abstract: "The 
effect of lung volume on CO- elimination;by high frequency ventilation 
(HFV):," Joint Fall Meeting Of the APS, Toronto, Canada, October 12-17, 
1960. 

13l McCl'urken, M. E., Kececioglu, I., Jan, 0. L., Parton, R. A., 

Kamm, R. D. and'Shapiro, A.. Hi, Abstract: "Supercritical flow in 
collapsible tubes," 1980 Centennial Winter Annual: Meeting of the 
ASME,. Chicago, Illinois, November 16-21I960. 1980'Advances in 

Bioengineering: , pp. 293-296. 

14. Jan, D. L., Parton, R. A., Kamm R. 0., and Shapiro,: A. H., Abstract: 
"Unsteady flow in a partially collapsed compliant tube under axial 
tensiom," 1980 Centennial Winter Annual Meeting of the ASME, Chicago, 
Illinois, November 16-21;,, 1B8Q'. 1980 Advances in Bioengineering , 

pp. 289-292. 

15u Froellich, J-, Kamm, R. D., Shapiro, A.. H„, McKusiick, K. A., and 

Strauss,, H, W., Abstract: "Effect of external pneumatic compression 
on venous volumes of the calf," 28th Annual. Mfeeting of the Society of 
Nuclear Medicine, 

16. Johnson, M. C., Kamm R. D., and Shapiro, A. H., Abstract: " A' model 

for the flow of aqueous Humor through' Schlemm's canal Supplement to 
Investigative Ophthalmology and Visual Science . Vol. 20, No. 3,. p. 28, 
last. ‘ 

17. Rosstng, T. I). Slutsky, A. S.„ Lehr, J.., Ingram, R. Ml, Kamm, R. 0., 
Shapiro, A. H., and Drazen, J. Ml, Abstract: "The Influence of tidal 
volume (Vt) on C02 output C^CO?) during high frequency ventilation 
(HFV) in dogs," Federation Proceedings , Vol:. 40, p. 384, 1981. 

18. Kamm, R. D., Joshi, C. H., Minnichellf, M. 0., Mahoney, G. T., 
Shapiro,, A. H., Sllutsky, A. S. and Drazen, J. Mi, Abstract: "Experi¬ 
mental Measurements lin a untvorm tube of the effective diffustvity in 
oscillatory flow," Federation Proceedings , Vol. 40, p. 1981!. 

15. Rossing, T. Ml, Sllutsky, A. S., Lortngi, S. H., Ingram, R. H. Jr., 

Kamm, R. Di, Shapiro, A. H., andlDrazen, J. M., Abstract: "Effects 
of histamine induced bronchoconstriction on gas exchange by high 
frequency ventilation in'dogs," Federation Proceedings , Vol. 40, 

p. , 1981. 

20. Lichter, S., Kanin, R. D., and Shapiro, A. Hi, "Unstable oscillations 
at an elastic jump in a compliant tube," to>be presented; at the 34th 
Annual Conference on Engiineeringi in Medicine and Biology , to be held 
in Houston, Texas, 21-25 September 1981. 
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Publications of ROGER 0. (CAM 


21. Bafttaglioli» J'. li., and Kama. R. 0.,. "The collapse of small vessels 
in the wall of a spherical cavity," accepted! for publication in the 
• Proceedings of the 34th Annual Conference on Engineering in Medicine 
and 8iology, Houston, Texas, 1981. 

5. Internal Memoranda and Progress Reports 
None 

6. Invited Lectures 

1. February 1979, " The Hemodynamics of External Pneumatic Compression', 
■Kendal Corporation, Research Division, Barringtom, Illinois. 

Z, May, 198T, "Mechanisms of Gas Exchange in High Frequency Ventilation, 
AAMI 16th Annual Meeting, Washington, D. C.. 

3. June, 1981, "Pressure Cycles for External Pneumatic Compression," 
Presented at a conference organized at the NIH on the Rheologic 
Contributions to Thrombosis and Hemostasis, Bethesda, Maryland. 
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PRESSURE MEASURING TESTS 


SERIES A - RICH LIGHTS 
SERIES B - BARCLAY 
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Louisville, Ky. 40201 
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Report Summary 


Objective . The purpose of these tests was to determine the pressures 
. exerted on the surface of a cigarette filter (1) by human Hips In normal 
smoking conditions and (ii) by three types of filiter-holders; the Cambridge, 
Filtrona, and Borgwaldt holders. 

Method . To measure surface pressures a special measurement system was 
developed. A small (~ 1 to 2 mm dia.) latex bulb was mounted' directly onto 
the filter and attached via a short section of hypodermic needle tubing 1 and 
a teflon catheter to a low compliance pressure transducer. The entire 
system was filled with water to avoid the effects of air compression, and 
calibrated prior to each series of measurements. 

Lip pressures were measured on twelve subjects during normal smoking. 
From 8 to 12 measurements were made on each subject, 5 with the sensing 
bulb positioned against the upper lip, and 5 with the bulb against the 
lower lip. The transducer output was observed on an oscilliscope and the 
maximum reading for each puff was recorded. Three average pressures were 
computed for each subject: upper Up average, lower liip average, and overall 
average. 

Filter-holder pressures were determined by adjusting the cigarette 
position within the holder until the maximum reading was achieved. Am 
average reading was determined for each of the three filter holders.,' 

Conclusions . Results of this study indicate that human lips exert 
an average pressure of about 34 torr. Each of the three filter holders 
exert greater pressures as follows: Cambridge, 1.4 times as large as the 
average lip pressure; Borgwaldt, 3.5 times as large; and Filtrona nearly 
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15 times as large. It follows, then, that the Filtrona holder represents 
the poorest approximation to human lips while the Cambridge holder is the 
closest, given the three classes of holders tested. 
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Introduction 


Tests were conducted to determine the pressures exerted:on the 
* surface of a cigarette filter by human lips and by several types of 
filter-holder: the Cambridge, Borgwaldt, and Filtrona holders. Measure¬ 
ment of surface pressure on a small! portion of the filter surface 
necessitated the development of a special measurement technique. With 
this technique, a small!, very compliant latex rubber bulb is attached to 
the cigarette surface and connected via stiff tubing to a low compliance 
pressure transducer. This entire system (bulb, tubing, and transducer) 
is filled with water to minimize the change in volume of the liatex bulb 
during compression. 

When lips or a filter-holder come into contact with the bulb', the 
external: forces cause pressure insidfe the bulb to rise. As long as. the 
bulb remains partially inflated, the pressure sensed by the transducer 
reflects the pressure applied to the bulb surface. Due to the low 
compliance of the water-filled system: the contained volume of the bulb' 
changes very little, even for surface pressures approaching 500 torr. 
Since the test probe is so small, the normal contour of the lips and 
of the filter holders is minimally affected: 

Measurement Apparatus 

The complete measurement system is shown schematically in. Fig. 1. 
The latex test probe (*■ 1 to 2 mm dia) is secured using a contact 
adhesive to a small (- 2 mm dia) exposed portion of the cigarette. 
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approximately 7 to 9 mm from the filter tip. The sensing bulb slides 
over the end of a 1 cm length of 22 gage hypodermic needle tubing which 
is glued to the filter paper. The needle tubing attaches to a 2 ft. 
length of teflon catheter (~ 1 mm 1.0.) which leads to the low compliance 
(< 10 cm /dyne/cm ) pressure transducer (Gould Statham P 23- Series). 

The output of the transducer is amplified using a variable gain: low-noise: 
amplifier and displayed on an oscilliscope. 

Because the bulb had a non-linear response to contact pressure, it 
was necessary to calibrate each instrumented cigarette. This; was accomp¬ 
lished! using the calibration device shown in Fig. 2, consisting of a thim- 
walled latex tube mounted within a rigid plexiglas enclosure. This geometry 
was chosen for its close resemblance to the lip configuration!. Pressure to 1 
the calibration device was controlled using a 10 psig pressure regulator 
and measured by a mercury manometer. When pressurized!, the tube exerted! a 
measured contact stress on the cigarette filter. 

Test Procedure 


a) Filter-holder measurements. The test probe was placed on the 
cigarette filter and calibrated over the range of anticipated pressures 
using the device described above. Filter-holder pressures were then 
measured using each of the following: 

Cambridge holder . The latex sheet used in this test was the industry 
standard, 0.20-0.23 mm thick with a 3 mm dia hole. When stretched 
onto the holder, the latex hole diameter increased to 3.9 mn. 


J 

! 
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Borgwaldt holder . The standard latex rubber sleeve was: used! which 
has a 7 mm QiD. with a wall thickness of 0.36--O.43 nm. 

Filtrona . A latex slfeeve of 6 nin 0;D, and 0.38 nm wall thickness 
was used. The sleeve used was provided by R.J. Reynolds. 

In each case, several pressure measurements were made at or near 
the position of peak pressure. The average values of pressure determined! 
for each series of measurements were as follows: Cambridge; p * 47 torr,, 
Borgwaldt; p * 118 torr, and Filtrona; p * 500 torr. 

b) Human lip-pressure measurements. Prior to each test, a probe 
was mounted on a fresh cigarette and calibrated over the range of antici¬ 
pated pressures, typically up to 250 torr. Occasionally the baseline 
would drift during the course of calibration indicating a leak im the 
system. .When this occurred, the leak was repaired before measurements 
were made. 

When the cigarette was calibrated, the.subject was brought into the 
testing room and seated comfortably at a table. The subject was then 
instructed to insert the cigarette so that the sensor was centered on their 
lip and to smoke in a normal fashion, at a normal pace; In the first six 
tests the subject was asked to smoke with the bulb against the top lip 
for the first 3 to 5 puffs, then against the bottom lip for the remaining 
3 to 5 puffs. In the last 7 tests, the procedure was reversed; first the 
bottom lip, then the top. 

For each puff, the pressure excursions were observed on an'oscilloscope: 
screen and the peak excursion during each puff was recorded. Each individual 
had! a unique pressure trace, the shape of which was fairly consistent. 
Typically, the pressure would rise rapidly to a first maximum'as the lips 
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contacted the probe, then fall to a lower value, then rise to a second 
maximum before falling to zero. This same general pattern can;be seen 
in the sample traces of Fig. 3. 

At the end of each session, the subject was questioned concerning 
the location of the probe and their general impressions during: the test. 
The information thus obtained helped us to refine the technique in 
subsequent tests. 

Test Results 


Twelve subjects were tested using the procedure described above. 

The results for the first subject, however, were omitted from the study 
for the following reason. As a result of the mounting! procedure, much 

• ■ 

of the filter cover had been removed, leaving large sections of the 
filter exposed. Consequently, the subject needed to draw much harder 
than normal in order to get enough smoke, causing pressures in excess of 
300 mm Hg. In all subsequent tests, only a small section of filter paper 
was removed. To compensate in part for the added venti Uation,- the vent 
holes in the filter were taped closed. A second subject (subject 7); was 
re-tested because a pinrhole had inadvertently been made in the cigarette 
paper during probe mounting. Only the second set of data was used. 

Subject 9 was tested twice to examine the consistency of our measurements; 
both sets of results are presented. 

The raw data for all tests are presented in Appendix A including 
the individual calibration curves. These results are summarized im 
Table 1 in terms of: 
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(i') pressure developed during lighting, p^; 

(i 1) mean upper*!ip pressure, p u ; 

(111) Mean bottom-lip pressure, p^; and 
(iv) overall mean Tip pressure, p. 

The mean value and standard deviation of each parameter is given in 
Table 1 for all subjects. A graphical representation of the results 
iis shown in Fig. 4 including the pressures exerted by each of the 
three filter-holders tested. As seen in the figure,the Cambridge: 
holdfer exerts pressures only slightly higher than the mean lip: 
pressure, the Borgwaldt exerts a pressure about 3.5 times as great, 
and the Filtrona creates a surface pressure 15 times as great. Among 
the three filter holders tested, the Cambridge holder most closely 
approximates the pressure levell produced by human lips. 
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Table 1. Data Summary 


•Filter holders: 


Cambridge - p = 47 torr (2 measurements) 
Borgwaldt - p * 118 torr (3 measurements) 
Filtrona - p = 500 torr (15 measurements) 

Liip-pressures 


Subject 

Upper lip (p u ) 

Bottom lip (p b ) 

Overall (p) 

Lighting (p^) 

1! 

(no useful data 

— see text) 



2 

87 

no 

98.5 

TOO 

3 

40 

16 

28 

53 

4 

2.5 

2.9 

2.7 

' 13 

5 

60 

71 

65 

100 

6 

53 

6.0 

29 

T1.3 

7 

57 

3.9 

30 

10 (a) 

8 

88 

4.4 

46. 

3.4 (a) 

9A 

10v 

16 v 

13 V 

8.8 (a * 


) 7.5 

13.2 

V10.4 

V ( a ) 

98 

5.1 7 

10.4/ 

7.87 

17.5' a ' 

no 

16.7 

15.5 

16.1 


n 

51.3 

3.3 

27.3 

3.S <a) 

12 

18 

25 

21.5 

7.5 (,) 


Average (s.d.) 43.7 (29.7) 24.7(34.4) 34.2(32.9) 


(a) Lighting with bulb on lower lip 

(b) Upper lip/lower lip. Overall average directly below. 


55 (44.0):/8.a (4 
29.8 (27.f 


to 

O 
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s 
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Cigarette with mounted 
test probe 


Figure Ha) . Schematic of test apparatus;. 



Figure 1(b) . Detailed sketch of test probe. 
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Transducer 

output 



Figure 3 . Three puff profiles as .recorded 
on the oscilliscope. 
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Surface pressure (torr) 
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APPENDIX A 


EXPERIMENTAL DATA 
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Test Data Sheet 






Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 




nw * 




Weight _ Height 



O 

© 

© 

CO 

© 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 





Test Data Sheet 


Da te%: 
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Test Data Sheet 


PatTime Subject $ 3 Sex_ £ 

Weight __ Height 

Comments _ 


CALIBRATION 
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Test Data Sheet 


Date 
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Test Data Sheet 


Pate -5~~3o Time rS'SS" Subject # ^ Sex_ P_ 

Weight _ Height _ 
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Test Data Sheet 
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Test Data Sheet 
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Test Pete Sheet 



Pete Time Subject * f^b Sex /U. 
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Test Data Sheet 


Date r-J / Time t('-36 Subject # /g Sex_ 

Weight _ Height 
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TEST RESULTS 
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Test Data Sheet 


Date Time Subject # // 


Weight 
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TEST RESULTS 
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Test Data Sheet 
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PRESSURE MEASURING TESTS 
SERIES B-BARCLAY 
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Roger D. Kamm, Ph.D. 
Massachusetts Institute of Technology 
Cambridge, MA. 02139 


Sept. 29, 1981 
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Lip-Pressure Measuring Tests - Series B - Barclay 

A second series of tests were conducted to measure the pressure 
exerted on a cigarette filter by human lips. The purpose of these tests 
(Series B) was to determine the pressure exerted on a Barclay filter, as 
opposed to the filter of a Rich Light which was tested ini the first series 
(Series A). 

In essence, the measurement method and test procedure were the 
same as in Series A, with the exceptions noted in Appendix A. A small water- 
filled buS5 attached to the cigarette'filter at the position; of lip contact 
experiences a rise in Internal pressure when exposed to the pressure acting exterr 
. to the bulb. This pressure rise is measured by a low compliance pressure 
transducer and displayed on an oscilliscope. 

The relationship between pressure applied to the bulb by a smoker's 
lips and the magnitude of the oscil11 scope-trace deflection is calibrated 
using a device which simulates the action of human lips. The device employs 
a thin-walled latex tube which applies a variable (but measurable ) level of 
pressure to the cigarette filter by means of inflation of the tube with air 
pressure. When the cigarette Is being smoked we convert the oscilliscope 
reading to pressure, using this calibration relationship, to obtain a 
measure of lip-pressure. 

The smokers were selected from a group of individuals who had 
previously served as panelists at the test facility operated by Brown & 
Williamson. Each was asked to smoke normally using a fresh Barclay 


f- 
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cigarette instrumented as described above. The osci 111 i scope trace 
deflection produced with each puff was recorded by my collegue, Hark 
_ Johnson, seated in the same room as the smoker, and>later converted to 
pressure using the calibration relationship. Typically ten puffs were 
recorded; five with the bulb positioned against the upper-lip, five 
with the bulb against the lower-lip. Whether the upper- or lower-lip 
was tested first was selected randomly during the two days of testing. 

The test results were analysed in the same fashion as before 
yielding values for each smoker for: pressure exerted during lighting, 

P L ; average upper-lip pressure, p y ; and average lower-lip pressurejP b . 

Overall averages (and standard deviation) were computed from the entire 
group of 17 subjects and an overall mean lip-pressure, p was determined . 

' The results are given 1h Table 1. AIT test data sheets are included in 
Appendix 

It should be pointed out that in these tests, as in Series A, we 
encountered some problem in positioning the bulb so that it made good 
contact with the smoker's lips. At times during the test, it was apoarent 
that the bulb was not against the lip. All such readings; were disregarded. 

At other times, a Tow reading was observed, probably as a result of the 
bulb being near the inner or outer edge of the lip contact area. Since 
there was no consistent means of discriminating between these low measurements 
and 1 those which were closer to the maximum lip-pressure, they were 
necessarily included in the analysis. The results therefore reflect an 
average of the pressure distribution along the Tips, not a maximum. 
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judging from the distribution of readings obtained, however, it is 
clear that the maximum lip-pressure for any given individual is not 
• more than about twice as large as the average values given in Table 1. 
These results compare favorably with the measurements made during 
the first test series using Rich Lights: 


Series A 

Series 

P L * 55.0 torr 

25.1 

P u « 43.7 

45.1 

p b - 24.7 

28.8 

p « 34.2 

35.2 


Clearijy there are no significant differences between the pressures 
exerted on the Rich Light and Barclay filters and therefore, all 
conclusions drawn from Series A still apply. Most importantly, the 
pressures exerted by human lips on the Barclay filter are most 
closely approximated by the Cambridge holder, currently used in the FTC 
test procedure. The filtrona holder, by contrast, exerts pressures which 
are about 15 times greater than normal lip-pressure. 
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Table 1. Data Summary 


' Lip-pressures (in torr) 


Subject 

Upper-lip (p u ) 

8ottom-lip (p b ) 

Overall (p) 

Lighting (p^) 

1 

7.9 

18.8 

14.0 

(a) 

2 

(calibration error) 



• 3 

7.0 

6.7 

6.8 

(a) 

4 

59.5 

4.8 

32.1 

6.4 (b) 

5 

4.4 

3.5 

4.0 

2.54 (b) 

6 

27.5 

2.1! 

14.8 

(a) 

7 

124 

144 

133 

135 (c) 

8 

10.7 

37.5 

22.6 

(a) 

9 

9.5 

2.6 

5.7 

1.0 (V) 

10 

14.9 

6.7 

9.7 

4!.l (b) 

11 

51.8 

1.5 

26.6 

(a) 

12 

(bulb rupture) 



13 

(bulb rupture) 



14 

54.0 

22.4 

35.1 

20.3 (b) 

15 

63.5 

li!5 

82.9 

57.1i (c) 

16 

57.5 

31.5 

44.6 

(a) 

17 

138 

31.6 

80.5 

7.6 (b) 

18 

97.4 

27.9 

54.0 

5.1 (b) 

19 

7.0 

6w8 

6.9 

12.7 (c) 

Average ± s.< 

dL. 45.8 ± 43.1! 

29.0 ± 41.4 

35.8 £ 36.1 

1 25.11 ±41.9 


(a) Bulb not against lip 

(b) Lighting with bulb against bottom-lip 

(c) Lighting with bulb against upper-lip 
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Appendix A 


Modifications in the Apparatus and Test Procedure 


Source: https://www.industrydocuments.ucsf.edu/doc s/irkmOOOO 
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In the Series A tests, mounting the delicate sensing bulb onto 
the filter was found to be extremely time-consuming. Furthermore, 

• mounting the bulb to the cigarette was a difficult task requiring a> 
steady Hand, and no doubt contributed to some slight inconsistencies 
from one cigarette to the next. 

To eliminate these problems in Series B the bulb was instead 1 
mounted on a 5/16” I.D. latex sleeve which could be easily mounted 
andi, more importantly, re-used for several tests. It was also hoped! 
that using the same sleeve would eliminate the need for separate 
calibrations on each cigarette. This proved not to be true, however, 
orobably due to the influence on sensitivity of very slight differences 
im the placement of the latex sleeve on the filter. 

ft * 

In using the sleeve, we felt that there was no compelling reason; to 
remove a p’ortion of the filter paper as had been done in Series A prior 
to attaching the bulb. Since the filter paper represents a more rigid 
backing than the fibrous filter and yields less when load is applied, 
not removing the paper would tend to produce higher readings. In that 
the pressure levels in Series A and B are not significantly different, 
this appears to be a relatively minor effect. 

We modified the test procedure in only one important respect. Due 
to the tendency of the channels in the Barclay filter to collapse and remain 
collapsed when subjected to the high calibration pressure, the calibration 
was conducted at the end of each test in Series B rather than at the beginning 
as iin Series A;. It was reasoned that, if the Barclay filter was altered in 
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a systematic fashion prior to smoking, that this might lead: to changes in 
the smoker's normal draw and, hence, his or her normal Tip-pressure. 

• In all other respects , the test apparatus andi procedure were the 
same as described in the Series A Final Report. 
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Appendix B 
Test Results 
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Test Data Sheet 


cf, Am 

Date $[3l Time fall* Subject # I Sex F 

Weight _ Height _ 
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Test Data Sheet 


/Olio 

Time fit**) Subject # 3 
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Test comments: i 


S.4 


i i , ! 

TlTT 


ITT 


i I I 


/ <C 7- 

c< 

Maximum scale reading 



fFLSCc i’-'Z 

/•l 

. 1 ‘5 


Photograph; 




rzr 


jc_js 

"2S? 


£A Lt C 

U' l l H a c fa* 

AfM T€tT 


o -os 

<3. /S 
O . *4 
O. *f 

O. 

<y. 

<3 IS 

a 2 - 

0.»€ 


r 

'< T7<r 


2023100064 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 










Test Data Sheet 



9 

10 


Test comments: 



£ fit rer-; 

fl.Cili ~7 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 


S9000TC203: 







Test Data Sheet 




Dat e fP Time Subject # Sex rr\ 

Weight _ Height_ 
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DateTime \^£p Subject # In 
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Test Data Sheet 
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BROWN & WILLIAMSON TOBACCO CORPORATION 
RESEARCH SERVICES DEPARTMENT 


RESTRICTED 

EVALUATION OF THE KAMM HOLDER FOR 
EFFECTS ON VENTILATION, TAR AND OTHER 
CIGARETTE SMOKE DELIVERIES 

J.F. Nall 
August 31, 1983 

Introduction and Summary of Test Results 

A. Purpose of the Test 

In early 1982, Philip Morris, Inc. undertook a 
study purportedly designed to measure ventilation of Barclay 
cigarettes in a group of human test subjects. The tests, as 
well 1 as later tests performed by Philip Morris' "independent" 
testing laboratory, the U.S. Testing Company, were conducted 
with an experimental device especially constructed! for 
testing Barclays, the "Puff Parameter Analyzer"' ("PPA"). 

On the basis of these tests Philip Morris con¬ 
cluded — and argued to the FTC — that Barclay's ventilation 
is reduced by 30% in "normal" 1 human smoking. The FTC has 
endorsed this view in its current litigation against Brown & 
Williamson. 

Two explanations have been advanced for the 
alleged reduction in ventilation during smoking of Barclays: 
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first, that smokers crush Barclay’s ventilation channels with' 
their lips, and second, that smokers occlude the ventilation, 
channels, blocking them at the very end of the filter tip 
with their lips. 

Our consultant. Dr. Roger Kamm, has dbterminedi 
that the average pressure exerted by human lips during normal 
smoking is about 34 torr.* Our consultant. Dr. Louis Fine, 
has determined, from intra-oral fiber optic viewing of 
Barclay smokers, that occlusion is more likely to occur 
at relatively shallow insertion depths. 

Based in part on the work of Drs. Fine and Kamm 
in seeking to devise artificial lips for use in cigarette 
testing. Dr. Kamm has designed an experimental cigarette 
holder, fitted with a silicone rubber tubing which, when 
inflated, replicates the pressure exerted 1 by human lips on 
a cigarette filter during normal smoking. We have used this 
holder to perform a series of tests to determine Barclay’s 
ventilation rates and tar, nicotine, and carbon monoxide 
delivery, at a variety of simulated' lip pressures and inser¬ 
tion depths. The pressures and! insertion depths used in. 

* Kamm, Roger D., "PRESSURE MEASURING TESTS," Communication 
to Brown & Williamson Tobacco Corporation. In Dr. Kamm's 
studies he measured pressure in terms of "torr”. Brown & 
Williamson's test equipment measured pressure in terms of 
millimeters of mercury ("mm Hg"). These measurements are 
precisely equivalent, however, because 1 one torr is equal 
to one mm Hg. 
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these tests reflect our best understanding of actual human 
lip pressures and insertion depths in smoking. 

The.Kamm holder was constructed; to permit replica¬ 
tion, as closely as possible, of the three parameters consid¬ 
ered to be of primary importance in affecting ventilation of 
Barclay cigarettes: lip pressure, depth of filter insertion 
in the mouth, and "lip drape". Moreover, the tests we per¬ 
formed with the Kamm holder were designed to present a con¬ 
servative or "worst case" simulation: lip pressures to 85 
and 100 torr, well above the 34 torr average known to exist 
in human smoking, long insertion length (to TO mm) to maxi¬ 
mize opportunities for channel crushing, and short insertion 
length (to 4 mm) to maximize opportunities for "lip drape". 
Insertion depth is defined as the length from the filter end 
of the cigarette that is inserted in the Kamm holder. 

The Kamm holders used in this test were fitted 
with two different moduli of silicone rubber tubing. The 
modulus of the tubing determines its relative compliance or 
stretchiness. By changing the modulus of. the tubing in the: 
Kamm holder, it is possible to simulate different degrees of 
"lip drape." The low modulus tubing is the thinnest walled;, 
most compliant material available, and provides for maximum 
"lip drape," consistent with the "worst case" design of the 
test. 
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We performed ventilation and smoke delivery tests 
on Barclay 85 KS cigarettes with the Kamm holder. 

A. Ventilation Tests 

For purposes of the ventilation study, 1i2 cigar¬ 
ettes were tested at each of: (a) 15 pressures (0, 15, 25, 
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 85 and 100 mm of Hg., 
or torr); (b) 4 insertion depths (4, 6, 8 and 10 mm); and! (c) 
two tubings of different modulus (low and medium) for BARCLAY 
85 KS cigarettes. The same cigarette was tested 1 at. each' 
level of pressure. 

Cigarette ventilation data for individual cigar¬ 
ettes are listed in Appendix A. Averages, standard devia¬ 
tions, and sample sizes appear at the righthand side of 
Table A1 in each row. A single column (read vertically) 
within an insertion length is the same cigarette. Differ¬ 
ences from initial cigarette ventilation at 0 or atmospheric 
pressure are similarly summarized in Figure A2. Notably, in 
the worst possible case — at the shallowest (4 mm) insertion 
depth and highest (100 torr) pressure with the low modulus 
tubing — the average decrement in ventilation was not 30%, 
but 14.5%. 

At conditions giving the largest decrements in 
ventilation, the ranges of ventilation values from test 
cigarette to test cigarette are the greatest. Although the 



i 
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cause for this variation is not completely known, it is most 
likely the result of variations in filter construction and 
in-the axial orientation of the cigarette in the Kanun holder, 
or of the greater difficulty of sealing the cigarette in the 
Kamm holder at the relatively shallow insertion depths. 

Figures 3-12 grouped the data to examine trendfe. 

In these figures, "*" represents the average decrease in 
cigarette ventilation from its initial reading. The "H" and 
"L" denote the high and low readings respectively. Figures 
11-12 show average changes in ventilation, overlayed for the 
different insertion length, for each modulus of tubing.* The 
significant results of these tests are summarized as follows: 

1. Cigarette ventilation is most impaired with 
decreasing insertion length and increasing pressure. (Fig¬ 
ures 11 and 12) 

2. For the two shallowest insertion lengths used 


Regression analyses were applied to the data in Figures 
11-12. The regression model that is shown below was 
selected for regressing pressure (X) on the change in 
ventilation (Y). 


Y = A + BX 2 (1) 

The coefficients (A and B) are listedi in Figure 13 ! . In 
addition, the correlation coefficients, r , are provided. 
A perfect correlation between pressure and change in ven¬ 
tilation yields a correlation coefficient of 1.0. Note 
that all r are close to 1.0. This indicates the model 
is a good approximation of the relationship between pres¬ 
sure and change in ventilation. 
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in these tests (4 and 6 mm), ventilation decreases more with 
the low modulus tubing, which simulates maximum "lip drape," 
than'with the medium modulus tubing. ( Compare Figures 11 
and 12) At the 4 mm depth with maximum (100 torr) pressure 
with the low modulus tubing, the lowest average rate of ven¬ 
tilation recordedl was 71%. However, even at this 4 mm depth, 
with maximum applied pressure and low modulus tubing, average 
ventilation rates as high as 86% were recorded. (Figure A1) 

3. At the more moderate 8 mm insertion depth, 
with pressures of 35 torr — near the average in human 
smoking — the average ventilation rate was 85.82%. 

4. For both moduli of tubing, test cigarettes 
inserted to 8 and 10 mm depths yield about the same rates of 
ventilation across the range of applied pressures. In other 
words, there is little difference between the 8 and 10 mm 
insertion depths. (Figures 11, 12) 

5. The amount of variation among: test cigarettes, 
in both ventilation and delivery, is most dramatic at the shal 
lowest insertion depths, with the highest applied pressures, 
especially with the low modulus tubing. (Figures A1', B1)' 

B. Smoke Delivery Tests 

Samples from the same population of BARCLAY KS 
cigarettes used 1 in the ventilation study were used 1 for smoking 
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experiments. Twelve ports were smoked for each of 18 combina¬ 
tions (2 moduli x 3 insertion lengths x 3 pressures) of test 
variables.* Each 12 port sample was randomized across; two 
smoking machines and different runs. Smoke deliveries at 0 
torr (atmospheric pressure) for this population of BARCLAY 
were previously determined using standard FTC smoke procedures 
(see Figure 14). 

Summary statistics for smoke deliveries are shown 
in Figures 15-17. All of the smoking data are listed in 
Appendix B. Procedures for measuring smoke delivery are 
given in Appendix E. Data in Appendix B for tar, nicotine, 
filter nicotine, filter efficiency and water are presented in 
columns representing six "replicates." The values given for 
each replicate represent an average result for ten cigarettes. 
Data for carbon monoxide and puffs are presented in Appendix B 
in columns representing 12 replicates. The values given 
for each replicate represent an average result for five 
cigarettes. 

Graphs of smoke deliveries by tubing are provided 
in Figures 18^31. 


For purposes of the smoking tests, we abandoned' the 10 mm 
insertion depth, which proved to perform much like the 
8 mm insertion depth in the ventilation studies. Also, 
due to time limitations, only 35 torr, 50 torr and 85 torr 
pressure variables were employed. 
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All smoking data were evaluated using a technique 
called analysis of variance ("ANOVA"). ANOVAs are summarized 
in Appendix C.* Generally, ANOVAs showed that average dif¬ 
ferences greater than 0.1 mg/cig. of tar, 0.02 mg/cig. of 
nicotine, and 0.1 mg/cig. of GO are statistically significant 
at oC = 0.05 (95% confidence level). Other tests of statisti¬ 
cal significance for ancillary smoking data are provided in 
Appendix C. 

The significant results of the smoke delivery tests 
are summarized as follows: 

1!. In the very worst case, applying simulated lip 
pressures (up to 85 torr) well above the known average (34 
torr), and the shallowest possible insertion depth (4 mm) , 
with maximum simulated lip drape (low modulus tubing), the 
average tar delivery recorded was 1.5 mg. per cigarette. 
(Figure B1) 

2. At the highest applied pressure (85 torr), and 
shallowest insertion depth (4 mm) with the low modulus tubing, 
the average nicotine delivery recorded was .18 mg./eg. 

(Figure B1) 


ANOVA is a well-recognized statistical method for deter¬ 
mining the isolated effect of each specific test variable, 
and the effects of each possible combination of test 
variables. See, e,g. , B. Ostle, Statistics in Research 
(Iowa State Uhiv. Press, 1963) 
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3. At the more moderate 8 mm insertion dfepth', 
with applied pressures near the human average (35 torr)i, with 
the low modulus tubing, average tar delivery was 0.6 mg/cig., 
while average nicotine delivery was .07 mg/cig. 

4. The data showed that, over the range of applied 
pressures and insertion depths with both moduli of tubing, 
tar delivery did not increase to levels even approaching 
those indicated by Philip Morris' work with the puff parame¬ 
ter analyzer. With this test apparatus, we determined that 
pressure of 175 torr — more than five times the average 
pressure in human smokers — is required to reduce ventilation' 
on' a Barclay 30% (i.e., to achieve a 60% ventilation rate). 
With our test apparatus, we smoked 2 samples of 16 ports each 
at 175 torr, using insertion depths of 6 and 8 mm and the 
medium modulus tubing. At the 6 mm insertion depth, the 
maximum tar delivery recorded was 5.4 mg. The minimum tar 
delivery recorded at the same insertion depth and. pressure 
was 3.2 mg., while the average was 4.1 mgi. (Figure 32) 

5. CO deliveries are consistent with tar and 
nicotine andi follow the same trends, (see Appendix C and 
Figure 16 for more detail). 

Data shown below summarize results from all 
experiments: 
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Average Tar Delivery (mg/cig.) and Ventilation Rate (%) 
at Different Pressures (mm Hg) 



0 iron 


35 mm 

50 mm 

85 

mm 

Insertion 
length (mm) 

Vent 

Tar 

Vent Tar 

Vent 

Tar 

Vent 

Tar 




Low Modulus 




4 

85.5 

ND* 

33.1 0.7 

80.4 

0.9 

73.6 

1.5 

6 

85.3 

ND 

84.6 0.8 

83.5 

0.8 

78.8 

1.5 

8 

86.2 

ND 

85.8 Q.6 

85.4 

0.7 

83.4 

1.0 




Medium Modulus 




4 

86.8 

ND 

85.1 0.8 

83.8 

0.7 

78.2 

11.3 

6 

87.1 

ND 

86.4 0.6 

85.8 

0.7 

83.0 

1.1 

8 

87.7 

ND 

87.4 0.6 

87.1 

0.6 

86.0 

1.0 




Medium Modulus, 

175 mm Hg 





Insertion 
Length (ntn) 

Vent 

Tar 





6 


58.9 

4.1 





8 


64.0 

2.9 





( 


* ND = not determined. At 0 pressure, it was difficult to seal 
the test cigarettes in the Kamm holder sufficiently to ensure 
good results in a test for tar delivery. Accordingly, tar 
values at 0 (atmospheric) pressure were determined by the FTC 
method, and are sett forth in Figure 14. 



I 
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TEST APPARATUS 


1. Kamro Assembly. Figure 1 shows the Kamm' 
assembly. The parts are described as follows: 

a) Kamm Holder. The Kamm Holder is machined 
from a cast acrylic rod. Dimensions are given in the figure. 
The stainless pressure tubing is pressed into the acrylic 
wall and sealed with epoxy glue. The pressure tubing is 
.040" ID HPLC stainless tubing manufactured by Waters Assoc. 


b) Kamm Collar. The Kamm Collar is machined 
from a cast acrylic rod. Dimensions are given in the figure. 

c) Kamm Tubing. Dimensions of the Kamm tub¬ 
ing are given in the figure. The tubing is made of silicone 
rubber and is manufactured by: Bivona Surgical Instrument 
Inc., 5700 west 23rd Avenue, Gary, Indiana 46404. Specifi¬ 
cations of the tubing are as follows: 



Low 

Medium 

Characteristic 

Modulus 

Modulus 

Silicone Material (General 

SE 5218 

SE 845 

Electric 

Durometer (Shore A) 

25 ± 5 

40 ± 5 

Tensile strength (psi) 

1000 

1200i 

Tear strength (psi) 

H00! 

200: 

Ultimate elongation (%) 

800 

800: 

Tensile Modulus 

at 50% (psi) 

55 


100% (psi) 

SO 

120 

200% (psi) 

110 
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2. Pressure/Ventilation Apparatus- The pressure/ 
ventilation apparatus is shown in Figure 2. 

3. Cast Acrylic Rod. 0.62:5" and 0.875" diameter, 
AIN Plastics, Inc., 249 E. Sanford Blvd., Mt. Vernon, N.Y. 
110550. 

4. Pressure Tubing. Stainless steel .040" I.D. 
for HPLC. Waters Associates, Milford, MA 01757. 

5. Smoking Machine. Brewer Automatic Pipetting 
Machine:, Modfel 60470. Modified to take a 35 cc puff volume 
of 2 second duration. 

6. Pressure Transducer. Model DP10 3^1iOv Validyne 
Engineering Corporation, Northridge, CA 91324 

7. Laminar Flow Tubes. 1/4" copper tubing. 

1118 mot! long. Distance between flow measuring point = 203 mm. 

8. Analog to Digital Converter. Data Acquisition 
System Al13. Interactive Structure, Inc., Bala Cynwyd, PA. 

9. Microcomputer. Apple II Plus. 

10. Gelman Holder, Gelman Sciences, Mtedical 
Device Division, 674 S. Wagner Avenue, Ann Arbor, MI 48106. 

11. Puff Parameter Analyzer. This device was 
similar to the device used by Philip Morris in its ventila¬ 
tion tests. The glass envelope is approximately 135 n long 
with a uniform diameter of about 90 mm. The opening at the 
end of the envelope that accommodates the ventilation holder 
is: 14 mm in diameter 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkm0000 
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12. Ventilation Holder. Grip holder fitting 

for cigarettes manufactured by Filtrona Instruments, England., 

13. Pressure Regulator. (To provide air pressure 
at smoking machine.) Nullmatic 0-100 inches of water. 

Moore Products Go., Spring House, PA. 

EXPERIMENTAL PROCEDURE 

The pressure/ventilation apparatus shown in Figure 
2 was used to measure the effects on cigarette ventilation 
of pressure applied to the Kamm holder. Referring to that 
figure, the Kamm holder (C) is assembled by inserting the 
Kamm tubing through the plastic cylinder. An air tight 
seal is made by folding the tubing back and over the rim 1 of 
the plastic holder. O-rings are slid over the grooves in 
the holder to insure an air tight seal. The holder/tubing 
assembly is then inserted into the Kamm collar (B). A Gelman 
holder (A) is inserted into the other end of the Kamm collar. 
Photographs of the Kamm assembly are shown in Appendix B. 

The ventilation envelope (0) is a Filtrona cigarette 
holder with dental dam wrapped over each end and sealed with 
O-rings. The ventilation opening is attached to a pressure 
transducer (F). The ventilation envelope is attached to the 
puff parameter analyzer, a glass envelope (E), the other end 
of which is connected to a pressure transducer (F). A 
cigarette is inserted through the ventilation envelope and 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 
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into the puff parameter analyzer so that the tipping perfora¬ 
tions are positioned inside the ventilation envelope. The 
filter end of the cigarette is then inserted into the Kanun 
holder to the designated insertion depth. The entire appar¬ 
atus is now ready to be used for.testing. Photographs of the 
apparatus are shown in Appendix D. 

The testing sequence consisted of the following 

operation: 

1. Take a standard puff (35 cc puff volume, 

2.0 second duration) on the unlit cigarette. 

2. By use of the calibrated pressure transducers, 
A/D converters, and Apple computer, record puff duration, 
puff volume through cigarette tobacco section, puff volume 
through ventilation holes, total puff volume, and percent 
ventilation. All tests are carried out on an unlit cigar¬ 
ette. Repeat puffing for a total of three puff cycles. 

3. Using attached pressure syringe, apply desired 
amount of pressure as indicated by mercury manometer. Then 
repeat Steps 1 and 2 on each cigarette that is tested. 

4. Repeat steps 1, 2 and 3, applying pressures 
at fifteen graduated increments ranging from 0 to 100 mgi 
Hg. (torr). 

The pressure transducers used to measure flow are 
assembled and calibrated as follows: 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkm OOOO 
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Taps are brought out of each of the laminar flow 
elements, and a Validyne DPI03-10 differential 
pressure transducer is hooked to each'. The taps 
are about 203 mm apart and are the same on both 
elements. The differential transducers then measure 
the pressure drop across the 203 mm length of tubing. 
Since the flow is laminar, this pressure is linearly 
proportional to the flow through the system. 

The transducers are attached to individual carrier/ 
demodulators, giving the ability to adjust both span' 
and zero independently of the vent and tobacco section 
sides. 

The two transducer electrical outputs are attached to 
two channels of multi-channel A/D converter which are 
interfaced to an Apple II microcomputer. The computer 
software is designed to detect puff activity when the 
vent side signal reaches an operator selectable level 
for an operator selectable number of data points. 

When this trigger occurs, both the vent and the 
tobacco side output are summed separately for the 
duration of the puff. These operations are performed 
in machine code for maximum acquisition speed. The 
raw numbers are then converted! into volume readings 
in a BASIC program. 



Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 
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The calibration procedure involved the following steps: 

1. Set the transducer output so that it is 
compatible with the input requirements of the A/D converter. 

2. Hook the two laminar flow elements in series 
so that the flow through both is the same. 

3. Attach a 50 cc syringe to the combined laminar 
flow elements so that when the plunger is pressed inward,, 
the resulting positive flow causes positive electrical out¬ 
puts from! the transducers. 

4. For each calibration, take a number of volume/ 
flow rate readings ranging from 3 cc to 50 cc. Relate these 
to the output voltage from the transducers using; a standard 
least square fit. 

5. Enter the resulting equation into the BASIC 
program! to convert the transducer output into flow rate 
readings. We have found that the correlation between puff 
volume and integrated transducer signal is consistently high' 
(typically >0.97). 

6. Confirm the resulting calibration by inserting 
a cigarette or standard of known ventilation rate and 1 check 
calibration by using a one port syringe type smoking machine 
(Brewer automatic pipette) set to a 35 cc/2 sec. puff. 

Cigarettes used in this study were taken from' 
regular production at the Macon' Branch. They represent 



i 
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May 2, 1983 production. The cigarettes were conditioned for 
at least 24 hours prior to testing.* Insertion length'marks 
were placed on the tipping at 4 mm, 6 mm, 8 mm, and 10 mm 
from the mouth end. Cigarettes from this population were used 
for both ventilation experiments and for smoking experiments. 

Two standard Phipps & Bird smoking machines and! 
standard B&W smoking procedures were used to measure tar at 
various holder pressures. Standard methods for tar, carbon 
monoxide, nicotine, and water determination are given in 
Appendix E of this report. The combined Kamm assembly and 
Gelmain holder was weighed before and after smoking to ob¬ 
tain' TPM values. The smoking machine was modified by bring¬ 
ing compressed air through a precision regulator and then to 
the machine through small Tygon tubing (1/16" I.D.). Each' 
port was fitted with a pressure source that would allow 
pressures from 0 to 90 torr. Pressure was measured at the 
source of the pressure just after the regulators and after 
the last port connection to be sure that there were no leaks 
during smoking. Photographs of the smoking machine are 
shown in Appendix D. 


* It is standard procedure in the tobacco industry, as is 
recognized by the FTC, to condition cigarettes before 
performing tests like these. Cigarettes are conditioned 
by allowing them to sit at 75* Fahrenheit and 60% relative 
humidity for at least 24 hours prior to testing. 
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Conclusion 


Philip Morris contends that the cigarette ventila¬ 
tion of BARCLAY is reduced to about 60% because of blockage 
of the grooves by human smokers and that tar delivery Is 
3-7 mg/cig. 

With this apparatus we‘ experimentally determined 
that a pressure of 175 torr or mm of Hg (3 psi), far exceeds 
ing that exerted by human lips, is necessary to obtain a 
cigarette ventilation of about 60%. We then smoked two 
samples of 16 ports each at 175 mm of pressure for two 
insertion lengths (6 mmi and 8 mm) and a medium modulus Kamim 
tubing. Smoking results and cigarette ventilation are shown' 
in Figure 32. At this extreme pressure, tar deliveries 
increased to 3-4 mg/cig., and nicotine deliveries increased 
to 0.4-0.5 mg/cig. 


0 6:9.2 n 
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Figure 2. Pressure/Ventilation Apparatus 
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Figure 3 
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Figure 7 
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Figure 8 
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i 


D 

C 

L 

T 

A 

V 

I 

N 

T 

i 

i 


37. 8 
36.0 4 

i 

30.0 

37.6 

36.0 

33.6 

30.0 

17.6 

I 

16.0 i 

» 

io.o i 

I 

7.. I 

i 

..ol 

i 

,..l 

o.o 1. (Ip 
.,.1 
-,ol 


© 


PLOT OP EFFECTS ON CIQARETTE VENTILATION AT 
DIFFERENT PRESSURES 
NOTE: H • MAXIMUM AND L • MINIMUM 

holdeA.it ihset_lo»4 modulus-meo 


* © 


L 


L L 


*♦- 

O 


♦-“♦-♦-♦.♦.-♦-♦-4-—-♦--- 

5 10 16 30 26 30 36 40 46 60 66 60 66 70 76 


— ♦- - ♦ —.— ♦- ♦- 

•O 66 06 06 1O0 


FIIISSURKMN OF HOI 


O “ Indicates Hidden Observation 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 






Figure 10 


37.# i 

i 

38.0 | 
33.8 I 

i 

30.0 1 


i 


j 

'i 


o 

E 

L 

T 

A 

V 

c 

N 

T 

» 


37.S 

3B.O 

33.B 

30.0 

17.B 

1B.0 

13.B 

10.0 







7.B 

5.0 


3.B 


0.0 4 * 


(3)(E) 


H 

L 


“3.8 


-5.0 f 

-4---♦ —-.f. 

o 6 10 15 30 


plot or effects on cigarette ventilation at 

DIFFERENT PRESSURES 
NOTE: H ■ MAXIMUM AND L * MIMIWW 
HOLDER*13 XNSET_LQ«4 MODULUS *LOW 


N 


H 


H 


H 


H 


H 



*♦— ♦--♦-♦-4-+-♦-♦-—♦-♦-♦-♦-♦—-— 

35 30 38 40 48 60 85 60 68 70 76 80 86 BO 85 lOO 

PRESSURE(MM OF HQl 


O ~ Indicates Hidden Observation 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 




2023100115 


Figure 11 
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Figure 13 


Regression Analyses for Average Change in 
Cigarette Ventilation (%) versus Pressure (mm of Hg) 


MODEL: Y 

• A + BX^ where Y Is the 

average change In cigarette 

ventilation and 

X is pressure. 
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Figure 14 


Initial Smoke Deliveries for BARCLAY KS 
Nonmenthol Samples 
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SUMMARY STATISTICS FOR SMOKE DELIVERIES BY MODULUS, 
INSERTION LENGTHS and PRESSURES WITH 12MM HOLDER* 
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Figure 16 
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SUMMARY STATISTICS FOR SMOKE DELIVERIES BYMODULUS, 
INSERTION LENGTHS AND PRESSURES WITH 17HM HOLDER 
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Figure 17 


SUMMARY STATISTICS FOR SMOKE DELIVERIES BY MODULUS, 
INSERTION LENGTHS AND PRESSURES WITH 17HH HOLDER 
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Figure 18 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION DEPTS BY TYPE OF MODULUS FOR 12MM HOLDER 

NOTE: 4 • 4MM. 6 • 6MM AND • ■ 8MM 
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Figure 19 


PLOT OF PRESSURE EFFECTS OH smoke deliveries at different 
INSERTION OEPTS BY TVP6 OF MODULUS FOR 12NH HOLDER 


NOTE: 4 • 4MM, 6 ■ 6MM AND • 
MODULUS*MEDIUM 
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Figure 20 


PLOT or PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION OEPTS BV TYPE OF MODULUS FOR 12HM HOLDER 
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Figure 21 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION OEPTS BY TYPE OF MODULUS FOR 12MM HOLDER 
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Figure 22 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION OEPTS DTTVPE OF MODULUS FOR 12HM HOLDER 

NOTE: 4 • 4MM. 0 - 6MM AND 0 • eMM 
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Figure 23 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION DEPTS »Y TYPE OF MOOULUS FOR T2MM HOLDER 

NOTE: 4 • 4MM t 6 • EMM AND • - OHM 
HOOULUS-MEDIUM 


/ 

/ 

/ 


to (S JO 25 30 36 40 4660 SS 60 65 70 76 Id 66 90 66 TOO 


tZTOOKZOZ 


PRESSURE(MM OF HQ) 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 







.edu/docs/jrkmOOOO 





K 


Figure 25 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION DEPIS BY TYPE OF MODULUS FOR 12MM HOLDER 

NOTE: 4 • 4MM. 6 * 6MM AND 6 ■ BMM 
MODULUS-MEDSUM 
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Figure 26 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION DEPTS BY TVPE OF MODULUS FOR I2WM HOLDER 
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Figure 27 
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Figure 28 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION DEPTS feV TVPE OF MODULUS FOR 12MM HOLDER 
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Figure 29 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION DEPTS BV TYPE OF MODULUS FOR 12MH HOLDER 

NOTE: 4 • 4MM, 6 - EMM AND • • SMM 
MODULUS”MEDIUM 
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Figure 30 
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Figure 31 


PLOT OF PRESSURE EFFECTS ON SMOKE DELIVERIES AT DIFFERENT 
INSERTION DEPTS ftv TYPE OF MODULUS FOR 12HM HOLDER 

NOTE: 4 - 4MM, 6 • CMM ANO • - EMM 
MODULUS*MEDIUM 
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Figure 12 


ExperimenteI Determination of Pressure Hist is Necessary to 
Obtain Approximately 60S Cigarette Ventilation ami Its 
Effect on Smoke Deliveries 
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Figure A2 (cont.) 


LISTING OF CHANGE IN VENTILATION FOR INDIVIDUAL CIGARETTES 
BV HOLDER LENGTHS, INSERTION LENOtHS AND PRESSURES 
FOR LOW MODULUS 

NOTE: CHANGE • INITIAL - OTHERS FOR EACH CIGARETTE 
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Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 












































































































































































































































































m 





OO'KI 

op*?? - 

00*?l 

oo“ii*“ 

oo*ei_ 

pp**r 

oqil\ 

|oo:ii 

00*11 

OOCl 

oo : n 

oo'ii 

oo*ei 

00*11 

00*11 

00*11 

oo*ii 

joo“u 

|oo*ii 

oo*[[ 

100*11 
00*11 
00*11 
joo'u 
|oo*u 
00*11 
00*11 
oo*ii 


icc c - 

“tire “til*i“ 

“!ee*e Tir*c“_ 

tcp*|" “ "J|l 

‘ti2 : i tii*i““ 

ta9 *|__ 

“tii‘i 

_:t«*r::: 

too* I 


■c 


oo :>M 

tero 

“tIZV“ 

“tire*" 
"tt9*o m 
tw-o 


t?o 

t;;*r_ 

tie*! 

!9I*I 

tcro__ 
tci*©__ 
two 

~tii*©““ 

two 


«to« 
ctoc 
t • oo 

;poi 

Hoe 

oto* 

‘ oto6 
■oto9 
oto* 
*otoc 
otoe 
otoe 


9^00 

;ui 

ctoc 

etoi 

itol 


°to9*cto^ 
otoe*ctoc 
oto9*fto4 
■otoritoc 

oto9*|toC 

w 

:t; 


It 


“ioriTeriTi'iilorZIor 
“tor 
“t©9* 

“too* 

“tor 
tor 
to9 

to* 

”to9‘ 

“toi* 
tor 
“t©9! 
to? 
toe 


■c!c*oi!or 

-f"' 

liOOliOfr' 

etontor 

’itof-ptor 

-♦r —| — 

k i!et>!or 

: otoi“itor 


* ©tot otoe 


OL 

|t©9 

|to9 

oto* 

oto* 

ptpl 

©tor 


e!or tiostloo- 
etorstpl *fto9* 
|1o9*9to9*9toW 
»toS*9toO*9toO* 
itoi *9to***tor 

oto9**toO**tor 
'otp?*rtpe*cto9 
©tor«to6*it©9 


2023100144 

C:o»*cloo:cToi*9to9‘9t ■ ^ 

* I ter otor cto9**t 
otoe*ctoc*ct 


(asnNi inod) 


oto9*etoe*eto** 

* - 4 - • 4- - — «► * " 

o:oc*f :ot*i!or 
otoi*etoe*itoe 
■otor i tor ot oi 


[to! 

itoi 

Ho¬ 

oter 

otor 

oto9 

oto* 


iVoi 

■Hor 

itot 

■©to* 

otoe 


oSott!o9*tI 

otos*etoo:et^ ^ 

•otor ctos’it 


otoe-otoe etoo*it 


otoi *otoc*o!oro!oo 


*oo*o «oo*o 


too 


■ ©too * otpo*otoo * ©too 


bto9*itoe*otoo 
oto9*|toO*ptoO 


oto9* 
otos 
otoe ■ 
otor 
oto? 


otoe 
©to I 
otoi 
otoi 
otoi 
otoi 
oto? 


otoo* ©too* otoo 


otoo 


*otoo 


oto»*ltp**ot 
*oto9 : n09 : ot^ 
otoe* i tor ot^ 
*otoroto**pt_ ^ 
oto** otor ot 
*oto9*otoe*ot 
*otoo*otoo*ot 


to**9toi*9toe*9to« 


otoo*otoo o* 


MHOOIj 
HHStj 

mmol j 
HHS?f 
HN09 j 
MMSs| 
MHOS | 
HHS* I 

-???! 

HHSC 

MHOC 

HHS? 

MMSl 

HHO 

MHOOI 

HHSO 

MMSL 

MHOL 

HHS9 

MH09 

HHSS 

MHOS 

HH9* 

MHO* 

HHSC 


CO'9 

lt> 

k# tiiT 

f?*C 
i¥‘t 

t»i : r 

Ml 

t***e 

io*£ 

t«9*l_ 
Cl* I 
*99 *0 

““tcc*o_ 

tiro 

too*o 


-c-1 


t«**L 

*“tZI*9* 

““til*®" 


LC** 

”“tii*c 

“"tci*£ 

"tci’i 

:w 

* tse *r 
*taro^ 
~“tii*o“ 
~“tii“o~ 

too*© 


•triiti : Mto9t:rn *oe 

“tgi*“toi * *toc *9tbc*«to9• 


“treitor^toM* 
tn’iitos'ctor 
troito9:?toc* 
!o9*«!o9*e;or 
!onSo«'i lor 


¥ 

it* 
it : * 
it*- 
it** 

toe * atos !|to9 * l to? * stoo * it * 

it : " 

it 


Vtofltoi 

eto9*i.to9* 

|tpI*eto9‘ 

?to9*9toi• 
itorstoc* 


it™ 

Tit:- 


toe*sto6*otoi 
toe **to9* otor 


ito«*eto9* 

otoi*eW* 


Ioo*c:o9*p:o9*otoi*?too* 


toO*cto9*ot©9* 


toe * i ton otoe 


to9*otoir*pto0*i 


’oto9*lto« 


*©top*|to9 
toi *ot oh* otoo*otoe‘otor 
]oo*o|oo*o|oo 


otoo*otoo 


ot*“‘ 

it“““ 

w_ 

otoo* 


to9* 

“toe 1 
tor 
tor* i 
toi * 
“tor 
tos* 

“to9* 

toe* 
tor 
toe* 


rto* 1 

it^- 

ctor 

et©9* 

itoi* 

rt-r: 

I *oo 
itor 
itol* 
[toi; 
i tor 1 


""tot*otol*( 

to9*oto9*< 

*o|oo*o|oo*< 


’itoi' 

ctoe* 

•itoo- 

itol* 

?to9‘ 

■itii' 

|t©9* 

-f—- 

’ I*09 * 

■I tor 
itor* 

;itoi; 

otoe* 
otoi * 
ojoo 


itoc 

etoo 


9f«*??;o?*9 

9t9*eito®*rt 

rtrcitor*ct 


etp9*_ctc*?itop*c 


itii* 

WoV 

ftps* 

otoi * 

otor 

oto9 

otoe 

oto? 

otoe 

otoi 

otoo 


jOO'O oo o 

i 


etI*oitoe*it 
eto9*«to9*o^ 
\itoe**toe*o 
itoritoi*- 
otoi*®too*ot 
oto9*rtoe*-t 
otor* etoo*ot 
oto 9 *»to?*ot 
•otorotorot 
•otoi*oto?*o 
o|oo*o|oo*ot 


*019 1 

*0 Mf \ 

i it it it it it i 1 

fit it it it it i 



-N3Aj-N3 a]-H3a|•N3a]“M 3A]"N3Aj 
HI NI NI NI Hi! NI 

onoI omo! qmdI oh?! phd; ohd! 

t *i { *i I *i t *i I *i { *i 

-N3A -N3A -N3A -N3A -N3A -N3A 

I 

1 


MI NI MI Ml NX NI 

! 0M3* ohd! oho! ohd! ohd ! ohd 


1 

I Cl t li t Ol t it ft L 1 

f • ! 9 i 9 1 C ! t t 1 


HHS? 

HHSl 


Ton] 


H10H91 

N0I1U3SNI 


8IIMVDI3 


MMJI M3Q10H 


lil9UVt>13 H3VS H03 $***10 -JflilHI - IDNVH3 :910H 

SmnOOM MHI03H MOJ-- 

S3UnSS3N ONV SM10N3T NOllMlSNI r SHlDHIT M3010M A9 
8IU1UVOI3 IVnaiAtaNI HOi NOIiriIlM3A NI aONVHO JO ONIiSll 


(•3U03) 2V 8Jn8fj 


Source: https://www.industrydocuments > ucsf.edu/d(5cs/jrkm0006 ; 
































r 


r 


C/) 


Figure A2 (cont.) 


LISTXHQ OF CHANCE XN VENTILATION FOR INDIVIDUAL CIGARETTES 
BV HOLDER LENGTHS. INSERTION LENGTHS AND PRESSURES 
FOR NEDXUN MODULUS 

NOTE: CHANGE - INITIAL - OTHERS FOR EACH CIGARETTE 
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APPENDIX B 
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Figure Bl 


LISTING or SMOKE ANALYSES FOR INDIVIDUAL FORTS BV MODULUS* 
INSERTION LENGTHS ANO PRESSURES WITH 12MM HOLDER 

(VARIABLE « TARlMd/CIOU 
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Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOO 
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Figure Bl (eont.) 


LISTING OF SMOKE ANALYSES FOR INDIVIDUAL PORTS BV MODULUS, 
INSERTION LENGTHS AND PRES SURES WITH I3MN HOLDER 

| VARIABLE-NICOT1NEIMG/CIG|| 


MODULUS LOW 
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Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 
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Figure Bi (cont.) 


MODULUS LOW 


LISTING OF SMOKE ANALYSES FOR INDIVIDUAL FORTS BY MODULUS, 
INSERTION LENGTHS AND PRESSURES WITH I2MM HOLDER 
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Figure Bl (cont.) 


LISTINQ OF 5MOKE ANALYSES FOR INDIVIDUAL PORTS BV MODULUS, 
INSERTION LENGTHS AND PRESSURES WITH I2HM HOLDER 

fy/w Table -puff t/cisTl 


MOOULUS LOW 



TST00TC20Z 





Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 
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F.igure Bl (coat.) 
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LISTKNO OF SMOKE ANALYSES FOR INDIVIDUAL FORTS SV MODULUS, 
INSERTIO N LENGTHS ANO PRESSURES MITH 12 HM HOLDER 
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Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 







































Figure Bl (cont.) 
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Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 






























































































































APPENDIX C 

ANALYSES OF VARIANCE FOR SMOKING DATA 


Source: ttps://www jndustrydocuments.ucsf.edu/docs/jrkmOOOO 


2023100154 






o 


Figure Cl 


ANALVSCS Of VARIANCE FOR SMOKE DELIVERIES 
| VARIABLE>TAB<MO/CIOI | 

GENERAL LINEAR MODELS PROCEDURE 


DEPENDENT VARIABLE i RESULT 
SOURCE Of 

MODEL 17 

ERROR DO 

CORRECTED TOTAL 107 


MODULUS 
INSET LQ 

MODULUS *INSET_LO 
PRESSURE 

nodulus»pressur« 

INSET LO'PRESSURE 
MODULO*INSiT_*PRES SO 


SUM Of SQUARES 
•.64268618 
6.66833333 
IB.20101853 


MEAN SQUARE 
0.90251008 
0.07388140 


f VALUE 

i.7t 


PR > F 

0.0001 
ROOT MSI 
0.2718SS37 


k* SQUARE 

O.BB1BE1 


TYPE III SS 

f VALUE 

PR > F 

DF 

0.30003333 

4.07 

0.0467 

1 

1«14240741 

7.72 

0.0000 

2 

O. 13722222 . 

0.83 

0.3993 

2 

6.39674074 

43.23 

0.0001 

2 

0.05722222 

0.39 

0.6804 

2 

0.37537037 

1.27 

0.2863 

4 

0.13366688 

0.49 

0.7704 

4 


TYPE IV SS 

0.30083333 
1.14240741 
0.13722222 
C. 39574074 
0.05722222 
O.37537037 
O.13388888 


C.V. 
30.8542 
RESULT MEAN 
0.87870370 


0.0467 

0.0008 

0.3993 

0.0001 

0.6804 

0.2883 

0.7704 


DUNCAM'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 

NO,E: wi S THf S MPCRiScNrw!s! "«• 

ALPHA>0.06 Df>80 MSE-.073881B 

NEANS MUM THE SAMI LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
DUNCAN GROUPIHQ MEAN N MODULUS 

A 0.83148 64 LOW 

R 0.82503 64 MEOIUM 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOTE: THIS TEST CONTROLS THE TTPE I COHPARISOWWISI ERROR RATS. 
NOT THE EXPinTHENTWISE ERROR RATE. 

ALPHA*0.06 Of •80 M$t*.07398 If 

MEANS WITH THE SANE LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIAIH.C: RESULT 
NOTE: THIS TEST CONTROLS THE TVPE 1 COMPARISONWISE ERROR RATS» 
NOT THE EXPEHlHENTWtSE ERROR RATE. 

ALPHA*0.04 OF-90 MS(>.0738816 

MEANS WITH THE SAME LETTER ARC NOT SIGNIFICANTLY DIFFERENT. 


DUNCAN GROUPING 

MEAN 

N 

PRESSURE 

DUNCAN 

grouping 

MEAN 

N 

IN$IT_LO 

A 

1.2232 

36 

65 


A 

0.98333 

36 

4 

6 

8 

0.7250 

38 

60 


A 

A 

0.81388 

38 

E 

• 

0.6668 

36 

39 


• 

0.73888 

36 

S 


GSTOOTCSOZ 

M- 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 





Figure C2 


ANALY SES Of VARIANCE FOR SMOKE DU -1 VIRUS 
{ VARTABLE■NICOTINE(MO/CIQ) ) 

GENERAL LINEAR MOOELS PROCEDURE 


DEPENDENT VARIAG4.fr RESULT 


SOURCE 

OF 

SUM OF SQUARES 

MEAN SQUARE 

F VALUE 

PR > F 

R-SQUARE 

• C.V. 

MODEL 

17 


0.00696941 

9.09 

0.0001 

0.604414 

36.6379 

ERROR 

90 

0.07753333 

0.00096149 


ROOT MSI 


RESULT MEAN 

CORRECTED TOTAL 

10 rf 

O. 19599630 




0.02636100 

, 

0.11019619 

SOURCE 

DF 

TYPE III SS 

F VALUE 

PR P F 

DF 

TYPE XV SS 

F VALUE 

pr ► r 

MODULUS 

INSET LO 

modulus* inset lo 

PRESSURE 

MOOULUSiPRESSURE 

INSET LQOPRESSURE 
MODULO*INSET •PRESSU 

1 

a 

2 

a 

a 

0,00593593 

0.01572407 

O.00331296 

0.06500741 
0.00311953 
0.00428149 
0.00109259 

6.69 

9.13 

1.92 

49.34 

1.91 

1.34 

0.32 

0.0103 

0.0003 

O. 1522 
0.0001 

0.1696 
0.3087 
0.9669 


ooooooo 

8882828 
• AumutnA 

«*0IA»OY 

6.66 

9.13 

1.92 

49.34 

1.91 

1.34 

0.33 

0.0103 

0.0002 

0.1522 

0.0001 

0.1696 

0.2987 

0.9669 



DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 

NOTE: THIS TEST CONTROLS THE TYPE I COMPARISONWISE ERROR RATS, 

NOT THE CAPERIMEMTWISE ERROR RATE. 





ALPHA>0.05 

0F-9O MSE-9.41-04 







MFANS WITH 

THE SAMI 

LETTER ARE MOT 

SIGNIFICANTLY DIFFERENT. 





DUNCAN OROUPINO 

MEAN 

M 

MODULUS 






A 

0.11769 

64 

LOW 






• 

O.10379 

64 

MEDIUM 




DUNCAN'S HULflPLi RANGE TEST FOR VARIABLE: RESULT 
NOTE: THIS TEST CONTROLS THE TYPE I COMPARISONWISE ERROR RATE. 
NOT THE EKPERIMENlWIS* ERROR RATE. * 

ALPHA-O.OS Of*90 MSE-9.6E-04 

MEANS WITH THE SAMI LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 


DUNCAN GROUPING 

MEAN 

H 

PRESSURE 

A 

O.14933 

36 

II 

» 

O.10056 

36 

SO 

C 

0.09167 

36 

3S 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE; RESULT 
NOTE: THIS TEST CONTROLS THE TYPE I COMPARISONWISE ERROR RATE, 
NOT TIIE EXPER1NENTWISE ERROR RATE. 

ALPHA «0. OS 0F-9O MSE-6.6E-04 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 


DUNCAN GROUP1NQ 

MEAN 

N 

INSST_LQ 

A 

O.12417 

36 

4 

A 




A 

0.11167 

36 

• 

9 

0.09472 

36 

6 


92TOOTC202 



Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 






Figure C3 


ANALYSIS Of VAH UNCI FOR SMOKE DELIVERIES 
| VARIABIE»CO<NO/CIO) ) 

GENERAL LINEAR MODELS PROCEDURE 


DEPENDENT VARIABLE: 

SOURCE 

RESULT 

DF 

SUM OF SQUARES 

MEAN SQUARE 

F VALUE 

PR > F R-SqUARE 

• c.v. 

MODEL 

17 

7.1391366* 

0.4199491* 

MI 

0.0001 O.31**07 

66.2616 

ERROR 

197 

IS.3*41*6*7 

0.07743232 


ROOT MSE 

RESULT MEAN 

CORRECTED TOTAL 

S14 

22.39330233 



0.27*2**63 

0.4*4416*0 

SOURCE 

DF 

TYPE III SS 

F VALUE PR > F 

DF 

TYPE IV SS F VALUE 

PR ► F 

MODULUS 1 
INSET LO I 
NQDULOS*IN$ET_tO 2 
PRESSURE J 
MODULUS«PRES SURE 2 
INSET LG'PRESSURE 4 
MODULO*INSET.*PRESSU 4 

0.07743300 

0.*97025*9 

0.11224792 
*.*9023569 

0.199*9792 
0.35870806 

0.10423061 

1.00 0.318* 

3.96 0.0226 

0.72 0.4857 

36.74 0.0001 

1.29 0.2774 

1.16 0.3306 

0.34 0.6*31 

1 

2 

2 

2 

4 

4 

0.07743300 1.00 
0.69702669 3.86 
0.11224792 0.72 
6.69022569 36.74 
0.19969792 1.29 
0.35670606 1.16 
0.10423061 0.34 

0.318* 

0.0226 

0.48*7 

0 .OO01 

0.2774 

0.330* 

0.6631 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
HO,E: ™! s T I SI CONTROLS THE TVFE I COMPARISQNWISC ERROR RATI. 
NOT THE EAPERIHENTNISE ERROR RATE. * 

ALPHA "0.06 OF *197 MSC-.0774323 

WARNING: CELL SIZES ARE NOT EQUAL. 

HARMONIC MEAN OF-CELL SIZES*107.4SB 

MEANS WITH THE SANE LITTER ARE NOT SIGNIFICANTLY DIFFERENT. 
OUNCAN GROUPING 

A 
A 
A 


MEAN 

N 

MODULUS 

0.613*6 

104 

LOW 

0.47670 

107 

MEDIUM 


OCCAM'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 

WTi; SliWLRSISDLSG 

ALPHA*0.OS DF•197 MSI-.0774323 

WARNING: CELL SIZES ARE NOT EQUAL. 

HARMONIC MEAN OF CELL SIZES*?I.663* 

MEANS WITH THE SANE LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
DUNCAN 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOtE: THIS TEST CONTROLS THE TYPE 1 COMPARISONI$■ ERROR RATE 
NOT HIE EKPERINCNTWISC ERROR RATE. 

ALPHA-0.OS OF*197 M$E».0774323 

WARNING: CELL SIZES ARC NOT EQUAL. 

HARMONIC MEAN OF CELL SIZES-7«.663* 

MEANS WITH THE SAME LETTER ARE HOT SIGNIFICANTLY DIFFERENT. 


GROUPINQ 

MEAN 

N 

PRESSURE 

DUNCAN GROUPING 

MEAN 

N 

INSST.LQ 

A 

0.71111 

72 

IS . 

A 

A 

0.666*4 

72 

4 

■ 

0.45070 

71 

SO 

m 

B A 

0.4*722 

72 

• , 

C 

O. 32083 

72 

3* 

B 

6 

0.42917 

71 

• 


4ST00TC20 Z 



■M 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 




Figure C4 


DEPENDENT VARIABLE: RESULT 


SOURCE 
MODEL 
lit non 

CORRECTED TOTAL 

SOURCE 

MODULUS 
1NSET LO 

MODULUS«|N$CT.LO 
PRESSURE 
MODULUSvPRESSURE 
INSET LO’PRESSURE 
MODULO* INSE T_*F RCSSO 


OF 

IT 

90 

107 


AN ALYSES OF VARIANCE FO R S MOKE DELIVER IES 
[ vARIAALE■FILTER^NICOTINE IMP/ClQ »} 
GENERAL LINEAR MODELS PROCEDURE 


SUM OF SQUARES 
0.2408666? 
0.20410000 
0.44496667 

TYPE III SS 

0.00030000 
0.021Q6F67 
O.OQ535556 
O. 17111667 
0.01667222 
0.02263333 
0.00472222 


MEAN SQUARE 
0.01416863 
0.00226779 


F VALUE 

O. 13 
4.64 
1.18 
37.73 
3.46 
2.60 
0.62 


PR > F 

0.7169 

0.0120 

0.3117 

0.0001 

0.0358 

0.0494 

0.7206 


F VALUE 


1 

2 

2 

2 

2 

4 


PR > F 

0.0001 
ROOT MSS 
0.04762111 


RrSQUARE 
0.641314 


TYPE IV SS 

0.00030000 

0.02106667 

0.00636556 

0.17111667 

0.01567222 

0.02263333 

0.00472222 


F VALUE 

0.13 

4.64 

1.16 

37.73 

3.46 

2.60 

0.62 


C.V. 
13.6627 
RESULT MEAN 
0.34277776 

rm ► F 

0.7161 
0.0120 
0.3117 
0.0001 
0.0356 
0.0484 
0.7106 


DUNCAN'S^NULTIPLE RANGE TEST FOR VARIABLE: RESULT 

H0,t: NO| ,S IhI MPtRIMSHIWIs! ,W, °" 

ALPHA-OOS DF-90 MSE*.0022676 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
DUNCAN GROUPING 

A 
A 
A 


MEAN 

N 

MOOULUS 

0.34444 

64 

LOW 

0.34111 

64 

MEDIUM 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOTE: IMIS TEST CONTROLS 1HE TYPE I COMPARISON*ISI ERROR RATS, 
NOV THE CVrfRIHENfWISE ERROR RAVE. 

ALPHA *0.05 0F*9G MS E*.0022678 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 


OUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
MOTE: THIS TEST CONTROLS THE TYPE I COMPARISON*ISS ERROR RATS. 
NOT THE EXPERIMENT*ISI ERROR RATE. * 

ALPHA-0.05 DF»OQ MSI* .0022676 

MEANS WITH THE SANE LETTER ARE MOT SIGNIFICANTLY DIFFERENT. 


DUNCAN GROUPINO 

MEAN 

N 

PRESSURE 

DUNCAN GROUPING 

MEAN 

N 

INSIT.LQ 

A 

0.39167 

36 

65 

A 

A 

0.35722 

36 

4 

6 

O. 34260 

36 

60 

m 

A 

0.34722 

36 

6 

C 

0.29417 

36 

35 

6 

0.32311 

36 

• 


8ST00TC202 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 






Figure C5 


ANALYSI S OF VAR I ANCE FOW SMO KE DEL I VIRUS 
[ VARIABLE»PUfF1/CloT1 
GENERAL LINEAR MODELS PROCEDURE 


DEPFNOENT VARIABLE: RESULT 


SOURCE 

DF 

SUM OF SQUARES 

MEAN SQUARE 

F VALUE 

M > F 

R'SQUARS 

C.V* 

MODEL 

IT 

3.49541667 

0.14676922 

1.06 

0.3763 

0.064793 

4.4604 

ERROR 


36.93416667 

0.13603114 


ROOT MSE 


RESULT MEAN 

CORRECTED TOTAL 

IIS 

29.42959333 



0.36662400 


6.26606659 

SOURCE 

DF 

TVPE III SS 

F VALUE PR > F 

DF 

TVPE IV SS 

F VALUE 

PR > F 

MODULUS 

INSET LG 

NOOULOSMMSET^LQ 

PRESSURE 

MODULUS’PRESSURE 

INSET LO’PRESSURE 

hodulu*ins«t_*pressu 

1 

2 

3 

2 

3 

4 

4 

0.13004630 

0.63194444 

0 . 40090*46 

0.07694444 

0.38453704 

0.61944444 

0.24351652 

0.96 0.3264 
2.32 0.1007 
1.60 0.2249 
0.26 0.7540 
1.41 0.2456 
1.14 0.3396 
0.43 0.7741 

1 

2 

2 

2 

2 

4 

4 

O.13004630 
0.63194444 
0.40894146 
0.07694444 
0.39453704 
0.61944444 
0.24361662 

0.96 

2.32 

1.60 

0.29 

1.41 

1.14 

0.49 

0.3294 

0.1007 

0.2249 

0.7640 

0.2459 

0.3399 

0.7741 


*V ,rLC "ANG* TEST FOR VAN IA ALE: RESULT 

H0,t: .fi»*^S a L£SWJS ^^ , «£?r"' ,S0MWIS * — 

ALPHA-O.OS OF*191 MSE-O.136031 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
DUNCAN GROUPING 

A 
A 
A 


MEAN 

N 

MODULUS 

9.2926 

106 

LOW 

9.3436 

104 

MEDIUM 


E££ iN C2.t! IJ UIE L S " ANGE Tt * T *°* VAN I ABLE: RESULT 

N0U: iw! ni (xpIriSeniwisI IR "°" «"• 

ALPHA«O.OS OF*19$ MSE-O.136031 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
DUNCAN GROUPING 

A 
A 
A 
A 
A 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOTE: THIS TEST CONTROLS THE TVPE I COMPARISON*ISS ERROR RATE 
NOT THE EXPERIMENTWISE ERROR RATE. 

ALPHA*O.OR DF*196 MSE-O.136031 

MEANS WITH THE SANS LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 


MEAN 

N 

PRESSURE 

DUNCAN GROUTING 

MEAN 

N 

INSET.LQ 

6.2647 

72 

65 

* 

6.3067 

73 

9 

6.2776 

72 

50 

M 

9.3029 

72 

• 

6.3417 

72 

36 

A 

A 

f.1917 

72 

4 


62T00TC202 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 




Figure C6 


DEPENDENT VARIABLE: RESULT 

source dr 

MODEL 17 

ERROR RO 

CORRECTED TOTAL 107 

source or 

MODULUS 1 

INSET LO 2 

MODULUS MNSET.LO 2 

PRESSURE 2 

MOOULUS‘PRESSURE 2 

INSET LO*PRCSSURE 4 

MODULO*INSET *PRCSSU 4 


AN ALYSES OP VARIANCE FOR SMOKE DELIVE RIES 
\ VARIABLE«FlL1fR EFFICIENCY IIP | 
GENERAL LINEAR MODELS PROCEDURE 


SUM Of SQUARES 
1066.16333333 
167.19339134 
2034.13666667 

TYPE III SS 

131.12037037 
140.69665556 
30.44740741 
645.SOOOOOQQ 

1.29651652 

•A.05444444 

29.03703704 


MEAN SQUARE 
62.71490196 
10.76637037 


r VALUE 

1.13 


VALUE 

PR > F 

DF 

12.19 

0.0007 

1 

6.54 

0.0022 

2 

1.47 

0.2462 

2 

30.01 

0.0001 

2 

0.06 

0.9415 

2 

2.06 

0.0946 

4 

0.67 

0.6111 

4 


PR > f 

0.0001 
ROOT MSS 
3.27963613 


R-SQUARE 
0.624131 


TYPE IV SS 

131.12037037 

.140.69556556 

30.44740741 

646.60000000 

1.29651652 

96.05444444 

29.03703704 


F VALUI 

12.19 

6.64 

1.42 

30.01 

0.06 

2.06 

0.67 


C.V. 

4.2676 
RESULT MEAN 
76.30666666 

PR > F 


0.0007 

0.0072 

0.2462 

0.0001 

0.9416 

O.OB46 

0.6111 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOTE: THIS TEST CONTROLS THE TYPE I COMPARISONMISE ERROR RATS. 
NOT THE CAPERIMENTWISE ERROR RATE. 

ALPHA"0.06 0F-9O MSI*10.7554 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 


DUNCAN 

GROUPING 

MEAN 

N 

MOOULUS 


A 

77.407 

64 

m ed >um 


9 

76.204 

64 

LOW 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
H0IS: Ml 5 , 1 ! 51 CONTROLS THE TYPE I COMPARISONSt SB ERROR RATE, 
NOT THE CXPERtHENTWISC ERROR RATE. - # 

ALPHA'O.Oft OF *90 MSE*10.7554 

MEANS WITH THE SANE LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 
DUNCAN GROUPINO 

A 
A 
A 


DUNCAN'S NULTIPLE RANGE TEST FOR VARIA9LE: RESULT 
NOTE: THIS TEST CONTROLS THE TYPE I COMPARISON*ISB ERROR RATE, 
NOT THE EXPERlNENTWlSE ERROR RATI. 

ALPHA-O.OG DF-90 MSE*10.7664 

NEANS WITH THE SAME LETTER ARE NOT SIGNXFtCAMILV DIFFERENT. 


MEAN 

N 

PRESSURE 

DUNCAN GROUPING 

MEAN 

N 

IMSET_LQ 

79.472 

36 

36 

A 

77.679 

36 

6 

77.659 

36 

60 

A 

6 A 

76.356 

36 

6 

72.999 

36 

•* 

6 

6 

74.6*3 

36 

4 


09T00TC202 




Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 






Figure C7 


pEPfNOfNT VARIABLE: RESULT 


SOURCE OF 
HOOCL IT 
ERROR OO 
CORRECTED TOTAL 107 


ANALYSE S Of VARIANCE TOR SWORE D ELIVERIES 
P VARIABLE■HSOIMO/CIO^l 
GENERAL LINEAR NODELB PROCEDURE 


SUN OF SQUARES 
0.09250463 
0.24lOt339 
O. 33369796 


NEAN SQUARE 

O.00644«4B 
0.002BTBT0 


F VALUE FR > F 

1.03 0.0171 

ROOT MSI 
0.06176619 


It* SQUARE C.V. 

0.277301 19.7491 

RESULT NEAN 
O. 17396149 


SOURCE 

OF 

TYPE III SS 

F VALUE 

PR > F 

DF 

MODULUS 

1 

0.00344637 

1 .2t 

0.2598 


INSET LO 

2 

0.00740 IBS 

1.38 

0.2564 


HOOULO$*XM$fT LG 

2 

0.00662407 

1.32 

0.3007 


PRESSURE 

2 

0.02696052 

S .03 

0.0085 


MODULUS*PRESSURE 

2 

O.OI857963 

3.47 

0.0354 


INSET LO*PRESSURE 

4 

0.00755926 

0.71 

0.6902 


MODULO*INSET *PRESSU 

4 

0.02203593 

2 .OB 

0.0933 



TYPE IV SS 

F VALUE 

PR > F 

0.00344S37 

1.31 

0.2699 

0.00740185 

1.39 

0.2564 

0.00652407 

1.32 

0.3007 

0.02696852 

S .03 

0.0085 

O.OI857963 

3.47 

0.0354 

0.00765926 

0.71 

0.6903 

0.02202693 

2.OB 

0.0933 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOTE: THIS TEST CONTROLS THE TYPE 1 COMPAAISONWISI ERROR RATE. 
HOI THE EXPERIKENTN1SE ERROR RATE. 

ALPHA*006 AF«90 MSE*.0026787 

MEANS WITH THE SAME LETTER ARC NOT SIGNIFICANTLY DIFFERENT. 


DUNCAN GROUPING 

A 

A 

A 


MEAN 
O.I79B3 
0.1(139 


N 

64 

S4 


MODULUS 

MEOIUN 

LOW 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOTE: THIS TEST CONTROLS THE TYPE I COHPARISONWISK ERROR RATE. 
NOT THE EXPERIMENTWISE ERROR RATE. 

ALPHA-0.06 DF-BO MSE*.0026787 

MEANS WITH THE SAME LETTER ARC NOT SIGNIFICANTLY DIFFERENT. 
DUNCAN 


GROUPINO 

MEAN 

N 

PRESSURE 

A 

O.19250 

36 

60 

A 




A 

O. 17656 

38 

96 


0. 16389 

36 

36 


DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: RESULT 
NOTE: THIS TEST CONTROLS THE TYPE 1 COHPARISONWISK ERROR RATE 
NOT THE EXPERIMENTWISC ERROR RATE. 

ALPHA-0.OS OF*90 MSE*.0026747 

MEANS WITH THE SAME LETTER ARC NOT SIGNIFICANTLY DIFFERENT. 

DUNCAN GROUPING 

A 
A 
A 
A 
A 


MEAN 

N 

INSKT_LQ 

O. 19417 

39 

4 

0 . 17389 

36 

6 

O. 16389 

39 

6 


T9T00TCZ0Z 

V?; 

; I 

vv\ 

Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 










APPENDIX D 


PHOTO DOCUMENTATION 


Source: https://www.inebstrycloetmients.uesf.edti/doGs/jrkmOOOO 
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APPENDIX E 

STANDARD ANALYTICAL METHODS FOR TAR, 
NICOTINE, AND CARBON MONOXIDE 



C 


L, 




So.urce: https://wwwrindtrstryctocumefitSTUCslTedLJ/eloGs/jrkmOOOO 
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PACE 1 of 78 


BROWN & WILLIAMSON TOBACCO CORPORATION 
Research Department 
Standard Method! of Analysis 


Method No.: SM^LOO' Date Issued: July 22, 1982 

PROCEDURE FOR THE SIMULTANEOUS DETERMINATION OF NICOTINE AND WATER IN 
CAMBRIDGE PADS AND NICOTINE IN CIGARETTE FILTER TIPS 

Mr. M. S. Frank 
Dr. 0. C. Lin 
Mr. Di C. Hilton 


( 


A 



t 


Distribution 

Dr. Ji. H. Lauterbach 
Mt. J. F. Nall 
Mr. M. S. Frank 
Dr. 0. C. Lin 
Mr. D. C. Hilton 
Library (2) 

Greens 


A. 


L ( 


'Source: htf^//wwwilriauSti^dc^uments.ucsf.ed.u/docs/jrkmOOOO — 
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PAGE 2 of 78 


BROWN & WILLIAMSON TOBACCO CORPORATION 


Research Department 
Standard Method of Analysis 


c 


L 


( 


c 


c 


Method No.: SM-100 


Date Issued: July 22* 1982 


Method Class: 

Title: PROCEDURE FOR THE SIMULTANEOUS DETERMINATION OF NICOTINE AND WATER 
IN CAMBRIDGE PADS AND NICOTINE IN CIGARETTE FILTER TIPS 

Authors: Mr. M. S. Frank 

Dr. 0. C. Lin 


Mr. D. C. Hilton 

Summary: . Cambridge or filter tl«s : ere extracted vit>» isopropyl alcohol 

containing two internal standards. Nicotine and water are separated 
and measured from a single injection using gas chromatography. The 
in lection is sol it onto separate columns and detectors. 

Sample Size: This method is used to measure water and nicotine in samples 
containing particulate smoke from ten cigarettes or the nico¬ 
tine in ten cigarette filter tips. 

Ranee and/or Sensitivity: Water can he determined in samples containing 

from 0.2 to 4.0 mg/cig. (0.1 to 2.0 mg/mL). 

Nicotine can be measured routinely from 0.1 to 
1.5 rp/ciR. (0.05 to 0.75 rg/mL). Higher concen¬ 
trations can he measured with dilution. (See 
Appendix III.) Nicotine deliveries as low as 
0.001Jmg/cig. (0.5 ug/mL) can be measured by 
reducing the amount of internal standard and 
increasing sensitivity of the nitrogen - 
phosphorous detector. (See Appendix III.) 



Source:'- edu/dacs/jrkmOOOO 
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PACE 3 of 78 


Precision: Water - A precision study was carried out for five weeks. A 

1*0 mg/clg. standard solution gave a standard deviation 
of 0.09 mg/cig. This was equal to a relative standard 
deviation of 92. For the cigarette samples, the relative 
standard deviation ranged from 102 to 602. 

Nicotine - A comparative study between this method and the Auto- 

Analyzer was carried out alone with the water precision 
study. The precision of this method was equal to that of 
the AutoAnalyzer. The standard deviation for the 
1.0 mg/clg. standard solution was 0.05 mg/cig. The 
percent relative standard deviation was 52. For 
cigarette pads and filters, the relative standard 
deviation was about 152 or less in most brands. 

Analysis Time - Setup: (man-hours) - 6 

- Take Down: (man-hours) - 4 

- Variable: (man-hours/sample) - 0.1 




Source: hftps://ww'w.irTdusTFyd octrments.ucsf.edu/docs/jrkmOOOO 
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1. Principle of Method 

Nicotine and water are determined simultaneously using gas chromato¬ 
graphy. Cambridge pads and cigarette filters containing whole smoke are 
extracted with isopropanol which contains two internal standards. The 
sample is split in a special injection port onto two packed columns, 
•rater, using methanol as the internal standard, is determined using a 
thermal conductivity detector. Nicotine, with quinoline as the internal 
standard, is measured using a nitrogen/phosphorous specific detector. 

2. Range and Sample Size 

2.1 This method can be used to measure water and nicotine in whole 
smoke from ten cigarettes or nicotine in ten cigarette filters. 

2. 2 Nicotine can be measured routinely from,0.1 to 1.5 mg/cig. 

Higher concentrations can be measured with dilution,. Nicotine 
levels as low as 0.001 mg/cig. can be measured with adjustments 
in the internal standard concentration. (See Appendix Ill.) The 
limit of detection is 0.0005 mg/clg. (0.25 fig/wL). 

2.3 Water can be measured from 0.2 to 4.0 mg/cig. (0.1 to 
2. 0 mg/mL). 

3* Safety Precautions 

Normal safety precautions are employed. 

Nicotine is a poison and should be handled with care using rubber 
gloves in a fume hood. 

4, Interferences and Correlative Measurements 
None were investigated. 


Source: https://www.industryctdciimeriTs.UCsfledu/dcJcs/jrkmOOOO 
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Precision and Bias 

The method for the simultaneous determination of nicotine and water was 
highly accurate. This was shown by the small bias of -0.008: mg/cig . 
observed in a 1.0 mg/cig. water standard solution and the *♦*0.005 mg/cig. 
bias observed: in a 1.0 mg/cig. nicotine standard solution!. The percent 
relative standard deviations (RSD) for the 1.0 mg/cig. water standard 
and the 1.0 mg/cig. nicotine standard were respectively equal to 92 and 
52. 

5.1 Experimental Determination of Precision and Bias 

5.1.1 Using the procedure described in this methodology, a 
precision study for nicotine and water was carried out. 

At the same time a comparative study (nicotine only) 
between this method and the AutoAnalyzer method was 
carried out. For precision estimations, samples from 
1.0 mg/cig. standard solutions were analyzed for about 
five weeks. For the comparison between this method' and: 
the AutoAnalyzer, samples of the 1.0 mg/cig. standard 
solution and samples of, cigarette pads and filters were 
analyzed by both methods for five weeks. 

5.1.2 Standard: solution samples of nicotine and water were 
analyzed between cigarette samples. The same cigarette 
samples were analyzed by both methods. 

5.1.3 BCR-2 (BARCLAY) and KSL-3 (KOOL) were used as cigarette 
control samples. Several samples of each were analyzed 
dally. 

5.1.4 The method was calibrated as outlined in Section 8. The 
calibration graphs for nicotine and water were linear 
over the range of 0.1 to 1.5 mg/cig. for nicotine and 
0.215 to 4.0 mg/cig. for water. 


Source: https://www.industrydoGunhents. ucsf. edu/dops/jrkmOOOO 
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5*2 Method Bias 

5.2;1 The nicotine and water bias of this method was assessed 

using data from 1.0 mg/cig. standard solutions which were 
analyzed between cigarette samples. 

5*2.2 The observed mean value for this 1.0 mg/cig. nicotine 
standard was 1.006 mg/cig.; therefore, the bias was 
♦0.006 mg/cig. However, statistical testing showed that 
the bias was not significantly different from zero. 

5.2.3 The observed mean value for the 1.0 mg/cig. water stan¬ 
dard solution was 0.992 mg/cig.; hence, the bias was 
-0.008 mg/cig. Again,, the statistical testing showed 
that the bias was not significantly different from zero. 

5.2.4 For pad nicotine results, the differences between this 
method and the AutoAnalyzer were small. On average, this 
method gave results which were 4% lower than those found 
by the AutoAnalyzer. For filter nicotine results, the 
differences between these methods depended on the ciga¬ 
rette brand tested. The differences for a number of 
brands are shown in the table on page 7 and 8. A more 
complete listing of differences for the brands is given 
in Appendix IV. 

5*3 Method Precision 

5.3.1 The estimated standard deviation for the 1.0 nicotine 

standard solution vas 0.05 mg/cig. The relative standard 
deviation was 5X. For cigarette pad and filter samples, 
the standard deviation at the 0 l 2 mg/cig. nicotine level 
was about 0.08 mg/cig* and at the 1.0 mg/cig. level was 
about 0.12 mg/cig. The relative standard deviations for 
most of the cigarette brands were less than 151 in pad 
and filter nicotine analyses. 

Similar magnitudes in standard deviations were observed 
in the AutoAnalyzer method which analyzed the same ciga¬ 
rette samples. 


Source: https://www.ihdustrydocuments.ucsf.edu/docs/jrkm0000 


C4.T00TS20Z 




PAGE 6 of 78 




C 


t f 


c 


t 


(i 


5.2 Method Bias 

5.2.1 The nicotine and water bias of this method was assessed 
using data from 1.0 mg/cig. standard solutions Which were 
analyzed between cigarette samples. 

5.2.2 The observed mean value for this 1.0 mg/cig. nicotine 
standard was 1.006 mg/cig.; therefore, the bias was 
♦0.006 mg/cig. However, statistical testing showed that 
the bias was not significantly different from zero. 

5.2.3 The observed mean value for the 1.0 mg/cig. water stan¬ 
dard solution was 0.992 mg/cig.; hence, the bias was 
-0.008 mg/cig. Again, the statistical testing showed 
that the bias was not significantly different from zero. 

5.2.4 For pad nicotine results, the differences between this 
method and the Auto Analyzer were small. On average, this 
method gave results which were 41 lower than those found 
by the AutoAnalyzer. For filter nicotine results, the 
differences between these methods depended on the ciga^ 
rette brand tested. The differences for a number of 
brands are shown in the table on page 7 and 8. A more 
complete listing of differences for the brands is given 
in Appendix IV. 

5.3 Method Precision 

5.3.1 The estimated standard deviation for the 1.0 nicotine 

standard solution was 0.05 mg/cig. The relative standard 
deviation was 51. For cigarette pad and filter samples, 
the standard deviation at the 0.2 mg/cig. nicotine level 
was about 0.08 mg/cig. and at the 1.0 mg/cig. level was 
about 0.12 mg/cig. The relative standard deviations for 
most of the cigarette brands were less than l!51 in pad 
and filter nicotine analyses. 

Similar magnitudes in standard deviations were observed 
in the AutoAnalyzer method which analyzed the same ciga¬ 
rette samples. 


Source: https://ww/vjndustry^ 
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BROWN AND WILLIAMSON TOBACCO CORPORATION 

DIFFERENCE IN NICOTINE it MATS KHMEEM THE AlflOAIUlYm AMD CAS CHROMA! OGRARHIC METHODS ii 

AMD THE memo* Of UO METHOD 


BRAND DISCtl'PTHOMl . RAD ANALYSIS-— -FILTER ANALYSIS'- -NRf 


NUMBER OF 

MEAN 

STANDARD 

NUMBER OF 

MEAN 

STANDARD 

number of 

MEAN 

STANDARD 

•l SUITS 

RESULT 

DEVIATION 

RESULTS 

RESULT 

DEVIATION 

results 

RESULT 

DEVIATION 

BARCLAY BOX, FITEUIlKC 

•V AA 242 

o.m 

0.DS1 

147 

0.4*5 

0.092 

141 

73.0* 

3.44 

IY CC 242 

0.203 

0*077 

147 

0.531 

0:129 

141 

74.31 

4.41 

MEAN DIFFERENCE 242 

-0.012* 

0.031 

147 

-0.044* 

0.041 

141 

-1.74 

2.70 

•AROAY MENTHOL 100. LOUISVILLE 

»Y AA U9 

0.322 

0.013 

♦7 

0.139 

0.043 

97 

52:44 

4.44 

IV CC 115 

0:325 

0.019 

*7 

0.354 

0.049 

97 

53.45 

5.33 

mean DIFFHENCE 115 

-0.003 

0.021 

♦7 

-0.014* 

0.032 

9? 

-1:21 

2142 

BARCLAY MENTHOL 100. PETERSBURG 

IV AA 102 

0.373 

0.049 

34 

0.412 

0.044 

33 

51.75 

4.30 

IY CC 103 

0.417 

0.077 

34 

0.45* 

0.050 

33 

51.32 

4.57 

MEAM DIFFERENCE 103 

-0.044* 

0.030 

34 

-0.0*2* 

0*021 

33 

0.43 

2.1* 

BARCLAY MENTHOL. LOUISVILLE 

IY AA 13 

0.122 

0.074 

72 

0.21ft 

0.044 

70 

49 ill' 

4.79 

IV CC 13 

0.114 

0.070 

72 

0.312 

0.0*4 

70 

74.31 

4.45 

MEAN DIFFERENCE S3 

0.017* 

0.014 

72 

-0.02** 

0.024 

70 

-4.51 

2.45 

lARCLAY MENTHOL. PITERSILKG 

IY AA *4 

o.m 

0.044 

39 

0.31* 

0.044 

3P 

49.0* 

3.40 

IY CC 9* 

0.110 

0.050 

39 

0.344 

0*052 

34 

70.24 

3.51 

MEAN DIFFERENCE *4 

0.00?* 

0:023 

39 

-O.OC2 

0:0*0 

3B 

-1.25 

3.74 

lARCLAY 100. LOUISVILLE 

iy aa m 

0.344 

0.072 

132 

0:355 

0.041 

127 

51.03 

3.33 

IY CC 179 

Oi335 

0.043 

132 

0:351 

0.043 

127 

52.31 

3:93 

MEAN DIFFERENCE 179 

0.004* 

0.053 

132 

-0.003 

0.039 

127 

-1.27 

2.77 

lARCLAY, LOUISVILLE # * 

•Y AA 122 

0. Ill 

-0.055 . 

•«9 

0.410 * 

0.013 

•5 

72.2* ‘ 

4.2** 

•Y CC 122* 

0.141 

* 0.053 

19 

0.459 

0.044 

45 

74.4* 

4.37 

MEAN DIFFERENCE 122. 

• : 

0.020* 

0.024 ** 

•9 

-0.0*9* 

0:042 

•5 

-4.40 

2.41 

lARCLAY. METIRSEURC 

IY AA 231 

0.175 

0.052 

1*0! 

0:424 

0.07* 

133 

72:41 

4.2C 

B* CC 231 

0.177 

0.043 

140 

0i4t0 

0.101 

139 

75:70 

* i .412 

MEAN DIFFERENCE 231 

-0.002 

0.029 

1*0 

-0.055* 

0.053 

133 

-2.59 

2:1C 

ICf - 2 

IY AA 349 

0.293 

0.077 

291 

0.591 

0.073 

240 

70.47 

4.32 

•Y CC 2*9 

0.2*5 

0.0*5 

291 

0.4*3 

0.0B1 

740 

73.1- 

4.31 

KEAN 31 F*fRE nCE 349 

O.OOf 

C.043i 

294 

-0.052* 

0.0*5 

240 

-2.21 

3.09 

IlLAlRt ISC. RETiCRSWRC 

IY AA 3* 

0.4*0 

01127 

23 

0.575 

0.0*5 

33 

4C.79 

3.2* 

k" CC 74 

0.E25 

0.U2 

33 

0.510 

0.0*2 

3? 

3E .50 

3.51 

mean DIFFERENCE 39 

0.015 

C.04V 

33 

0.044* 

0.031 

331 

2:29 

1.41 

KENT GOIDF* LIGHTS KS, MT*RSIU«C 

|v AA 41 

0:555 

0.04* 

3* 

0 502 

0.0*4 

3* 

*7.5? 

2 ?! 

PY CC 41 

0:5*0 

0.09« 

3* 

0.443 

0.0*9 

3* 

47.7* 

3.0- 

MEAN DIFFERENCE 41 

0.015* 

0.037 

3* 

0.019* 

0.02* 

3* 

-C.14 

1.42 

KtOL IOX AUT. MTERSlimc 

If AA 99 

1.209 

0:194 

72 

0.737 

0:093 

71 

3*. 03 

5.7T: 

It CC 99 

1.155 

0.140 

72 

0.404 

0.07* 

71 

35.42 

4.44 

MEAN DIFFERENCE 99 

0.05** 

0:05* 

72 

0*131* 

0.04* 

71 

3.21 

2.57 

KOOL RING MET. MACON 

IY AA 10 

1.151 

0.202 

41 

0.475 

0.092 

41 

37.99 

4.54 

IY CC 10 

1.109 

0.194 

41 

0.534 

0.074 

41 

33.49 

5.20 

MEAN DIFFERENCE 10 

0:042* 

0.047 

41 

0.134* 

0.050 

41 

4.30 

1,90 


Sour ce: ht tps:7/ w ww:Thdusfrvdocuments;ucsf.edu/docs/irkm 
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DIFFERENCE IN *2COTINE RESULTS IETmEEn THE AUTDaNALYZER ANO GAS CHROMATOGRAPHIC METHODS 
AMD THE PRECISION OF EACH METHOO 


01 description 


-PAD ANALYSIS - ■ - F ILTER ANALYSIS- 

NUMBER OF MEAN STANDARD NUMBER OF MEAN STANDARD 
RESULTS RESULT DEVIATION RESULTS RESULT DEVIATION 


■ . . - - -NRE- 

NUMfclR OF MEAN STANDARD 
RESULT a RESULT DEVIATION 


KOOL LIGHT 100 75K1, MACON 


IV AA 

72 

OilYS 

o.ou 

40 

0.714 

0.047 

40 

44/37 

2.17 

IV GC 

72 

0i721 

0.070 

40 

0.444 

0.042 

40 

41 LIT 

2.03 

MEAN DIFFERENCE 

72 

-0.026* 

0.033 

40 

0.050* 

0.054 

40 

1.50 

2.24 

KOOL LIGHT 100, PETERSBURG 










IV AA 

74 

0.112 

0*123 

77 

01447 

0.074 

74 

45.30 

3.44 

— »v GC 

14 

0.774 

0.127 

77 

0i43» 

0.047 

74 

44.31 

3.37 

MEAN DIFFERENCE 

74 

0*015* 

0.044 

77 

0.031* 

0.0%3 

74 

0.42 

2.34 

KOOL LIGHT, PETERSBURG 










IV AA 

11 

0.723 

0.013 







IV GC 

31 

0.711 

0.07% 







MEAN DIFFERENCE 

31 

0.012 

0.031 







KOO; MDLC 200* LOUISVILLE 










IV AA 

43 

0.704 

0.100 

43 

0.430 

0.074 

40 

41.30 

2.75 

IV GC 

43 

0.717 

0.130 

*3 

0.5*7 

0.054 

40 

31.72 

3:10 

MEAN DIFFERENCE 

43 

-0.013 

0.035 

43 

0.033* 

0.043 

40 

2.57 

1.37 

KOOL MUD, MACON 










•V AA 

31 

0.131 

0.133 

34 

0.741 

0.015 




»t GC 

33 

0122 

0.120 

3% 

0.472 

0.034 




MEAN DIFFERENCE 

33 

0.011 

0.070 

34 

0.074* 

0.043 





KOOL ULTR^ 100. LOUISVILLE 


—- r “ — ■ 

IV AA 

74 

0.471 

0.07] 

47 

0.443 

0.041 

31 

44.2* 

3.07; 


IV cc 

74 

0.537 

0.017 

47 

0.443 

0.041 

31 

45 k 31 

3.57 


MEAN DIFFERENCE 

74 

- 0 . 041 * 

0.042 

47 

-0.02CM 

0;041 

31 

0.17 

1.70 

•KOOL ULTRA, 

LOUIS VI u! 





* 

• 

* 



• 

IV AA 

41 

0.201 

0.04* 

35 •' 

0.343 

. 0.047 

30 

42.73 

2.37 


• It cc 

43 

• 0.215 

0.047 

35 

0.37* 

*0.04] 

30 

45 01 

4.21 


MEAN difference 

43 

-0.007 

o:os* 

35 

-0.031* 

0.037 

30 

-2.14 

2.54 

KSL - 3 

IV AA 

375 

0.544 

0.07? 

233 

C.444 

0.0*7 

372 

51.1* 

3.01 


c: 

375 

0.5*2 

O.OU 

263 

0.57* 

0.071 

272 

51.5* 

* 4* 


mean difference 

375 

-0.002 

0.044 

213 

0.045* 

0.043 

272 

2.25 

3.74 


*TCEROV RI> LIGHTS 100, PETERSBURG 


IV AA 

30 

0,101 

0.155 

30 

0.755 

C.110 

30 

a. 75 

4.46 

•v cr 

30 

Oi7I7 

0H44 

30 

0.472 

C.UD 

i: 

47.1* 

• .63 

mean DIFFERENCE 

3C 

OiOSA 

0.055 

30 

0.057* 

0.0*5 

3T 

1.40 

1.73 


v:c:R3T LIGHTS. JAP a: 


IV AA 

It GC 

MEAN DIFFERENCE 


It 

Ik 

34 


1.012 C.0E5 
0.77* O.OK 
0.036* 0.054 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 
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5.3.2 The estimated standard deviation for the 1.0 mg/cig. 
water standard was 0.09 mg/cig. The relative standard 
deviation was 9%. For cigarette samples* the standard: 
deviations ranged from 0.1 mg/cig. to 0.7 mg/cig. as the 
water levels ranged from 0.2 mg/cig. to 2.3 mg/cig. 

5.3.3 For BCR-2 cigarette samples* the estimated within-day 
standard deviations were 0.06 and 0.08 mg/cig. 
respectively* for pad and filter. For KSL-3 samples* the 
estimated within-day standard deviations were 0.08 and 
0.07 mg/cig. respectively for pad and filter. 

For water samples from the BCR-2 and KSL^3* the estimated 
within-day standard deviations were 0.19 and 0.18 mg/cig. 
for BCR-2 and KSL-3 respectively. 

6. Apparatus 

6.1 Hewlett-Packard- 5730 Gas Chromatograph or equivalent* equipped 
with a nitrogen/phosphorous specific detector and a thermal 

c ond u c tivit y detector. 

6.2 Hewlett-Packard 7672A auto sampler, or equivalent* equipped to 
hold 99 samples. 

6.3 Column for nicotine - 4* x 1/8" stainless steel packed with 10% 
Carbowax 20M + 2% KOH on 80/100 mesh Chromosorb W AW. Use 
Graphlok ferrules. Available from Alltechi, Inc. 

(preconditioned). 

6.4 Column for water - 8* x 1/8" copper packed! with 50/80 mesh 
Porapak Q. Use Graphlok ferrules. Available from Alltech, Inc. 
(preconditioned). 

6.5 Modified injection port liner for "A" injector. This was fabri¬ 
cated in the B&W Machine Shop. (See Figure 1.) 




C 




Source: h!tps://www:indusTryddCuments.ucsf.edu/docs/jrkm0000 
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SWagelok-1/8” Stainless Steel Tee Modified Injection Port Liner 

Part Number 200-3-316 


l 


Source: htt ps://w ww.industrydocurnents.ucsf.edu/docs/jrkmOOOO 
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6.6 Column ferrules - 1/8" Graphloks (one piece) from Supelco, Inc.*, 
Catalog #2-2603. 

6.7 Injection port liner ferrules - 1/4" Graphloks (one piece) from 
Supelco* Inc. Catalog #2-2604. 

6.8 "Up and Down" sample shaker - fabricated in B&W Machine Shop 
from a Frigidare washing machine mechanism. 

6.9 Extraction vials with caps - 29 mm O.D. x 65 mm long, 30 cL 
capacity from Preiser* Inc.*, Catalog #10^5032-25. 

6.10 Auto sampler sample vials - 1 mL capacity by Wheaton from 
Preiser, Inc.* Catalog #10-4788-12. 

6.11 Auto sampler sample vial caps - 11 mm O.D. from Preiser* Inc.* 
Catalog #10-4805-29. 

6.12 Auto sampler sample vial cap crimper by Wheaton from Preiser* 
Inc* Catalog #10-4814-13. 

6*13 Labindustries Micro Pipettors are used to make standard 
solutions. 


Catalog No. Volume (pll): 

* MP-5H 5 

MP-1QH 10 

M P—2 OH 20 

MP-30H 30 

MP-40H (Special Order) 40 

MP-20H 20 

MP-100H 100 

MP-200H 200 


Labindustries 
620 Hfearst Avenue 
Berkeley* CA 94710 


Source: httpsV/wwwjn’d'ustrydocuments.ucsf.edu/docs/jrkm0000 
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7. Reagents and Standards 

7.1 The following reagents are required: 

(a) Nicotine (distilled) GLC assay 98%, EAstman Catalog #1242. 

(b) Quinoline - ACS Reagent Grade - GLC assay 99%, Eastman 
Catalog #218 or Alfa Products, Catalog #11927. 

(c) Methanol - ACS Reagent Grade - GLC assay 99%, Eastman 
Catalog #13032. 

(d) Isopropanol - ASC Reagent Grade - Spectro Grade, Water - 
0.2% max. 

(e) Water - Reagent Grade from Millipore Reverse Osmosis unit. 

7.2 Extracting Solution 

Unopened five-gallon cans of isopropanol are to be used. Under 
normal smoking conditions, i.e., eight machine loads/day, this 
will last two working days. The unused extracting solution 
should be discarded at the end of the second working day. 

7.2.1 Pipette 25 mL of quinoline and 70 mL of methanol into 

f the can of isopropanol after opening. Stopper and mix 

well. 

Label: Internal Standard Added 
Date - 

<- i 

Technician - 

7.2.2 ISOPROPANOL PICKS UP WATER EXTREMELY FAST! 

KEEP THE ISOPROPANOL STOPPERED AT ALL TIMES . 

^ 7.2.3 Methanol is the water internal standard and quinoline is 

the nicotine internal standard. 


( 


Sourc e: https://w ww.industrydbcumerits.ucsf edu/docs/jrkmOOOO 
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7.3 Combined Nicotine/Water Standards 

These standards oust be made in glassware, extraction vials, 
transfer syringes, etc.* that have been oven dried at 125* C: for 
at least four hours and cooled in a dessicator over Dryrite. The 
standards must be made, transfared, and capped in a "dry-box” 
under anhydrous conditions. 

Nicotine used to make the standards must be redistilled under 
reduced pressure in a nitrogen atmosphere. The nicotine must be 
colorless!. Nicotine stored in the dark at -10*C to -20*C under 
nitrogen will remain colorless for about six months. See 
Appendix I for nicotine distillation procedure. 

Water used to make standards must be fresh distilled water. 

7.3.1 Nicotine Stock Solution 

Weigh exactly 500 mg (0.500 g) of redistilled nicotine 
into a 10 mL volumetric flask and dilute to volume with 
isopropanol that contains no internal standard. After 
thorough mixing, transfer the solution to a glass 
stoppered 10 mL Eflenmeyer flask. Concentration ■ 50 
ttg/ml or 0.5 mg/10 pL. 

Label: Nicotine Stock Solution 
0. 5 mg/10 pL 
Date _ 

Technician Name - 




Sourc e: https:// www.lridustrydocumehts.ucsf.edu/docs/irkm0000 
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7.3.2 Nicotine/Water Working Standards 

Place two whole Cambridge pads and two quarter pads into 
each of seven extraction vials. Add water and nicotine 
stock solution as shown in Table 1 to these vials using 
labindustries micropipettors* The zero water addition 
level is the solvent blank. After the correct amount of 
water and nicotine stock solution have been added to each 
vial, 20 mL of extracting solution is added by pipette or 
autopipette and the vials shaken on an "up and down” 
z shaker for 15 minutes* 

Label: Nicotine/Water Working Standard 

Concentration - 
Date - 

Technician - 

( 7.3L3 Return extracted standards to the "dry-box” and care¬ 

fully transfer aliquots to the sample vials. Cap the 
sample vials. Use a clean, dry syringe to transfer each 
standard. 

£ s' 7.3.4 All standards except the 0.25 mg/cig. nicotine are made 

by pipetting 20 ml of extracting solution to the stock 
solutions. The 0.25 mg/cig. nicotine standard is made by 
pipetting 40 mL of extracting solution to the stock 
_ solutibns. 


iL 


i 


Sourc e: http s://www.industrydocumerits.ucsf.edu/docs/jrkni0000 
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TABLE 1 

COMBINED NICOTINE/WATER STANDARDS 


Standards 


Htf raolpet.tor 

Volume (pL) 


Concentration (mp/cie.)* 

Nicotine 

Distilled 




Stock 

Water 

Nicotine 

Water 

20 

q 

Cal. Std.** 

0.1 

Blank 

300 

30 

Cal. Std.** 

1.5 

3.0 

200 

10 

Control 

1.0 

1.0 

100 

5 


Oi.5 

0,5 

0 

20 


0 

2.0 

0 

40 


0 

4.0 

0 

5 

(40 mL Ex. Sol) 

0 

0.25 

♦These concentrations are 

based on the assumption 

that five cigarettes 

smoked per 

pad and two pads are extracted 

with 20 

mL of extracting 

solution. 





♦*Calibration 

standards for 

* PAMILA computer 

system. 



Sourc e: http s://wwwjndustrydocu~mehts.ucsf.edu/docs/irkmOOOO 
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7.4 For best results and ease of sample handling, make a set of 
standards for each GC to be standardized. 

7.5 Approximately three auto sampler vials (1.5 mL capacity) can be 
filled from a working standard extract. 

7.6 Each standard vial can be used for only one injection because 
water is picked up through the needle puncture. 

7.7 The accuracy of standard^ made using the Lahlndustrles "push 
button” pipettors should be checked at regular intervals against 
standards made using Class A volumetric pipettes. 

8. Standardization or Calibration 

8.1 Set up the instrumentation as described in Section 9.2 

8.2 Make five replicate injections of a smoke sample to condition 
the column system. 

8.3 Using a clean, dry 10 pi syringe, make duplicate 2 pL injections 
of the standards in order. 

8.4 Compounds elute from the water column as follows: 


C f 


Compound Time (min.): 

Air 0.20 

Water 0.30 

Methanol (Internal Standard) 0.40 

Isopropanol (Solvent) 1.00 


See Figure 2 for a typical chromatogram of a standard (water). 




Sourc e: https:// www.industryciocuments.ucsf.edu/docs/irkm0000 
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l 


f 


C 




8*5 


8.6 


6.7 


8.8 


8.9 


8*10 


8.11 


8.12 


Compounds elute from the nicotine column as follows: 
Compound Time (min.) 

Isopropanol (Solvent) 0.20 

Nicotine 1.40 

Quinoline (Internal Standard) 2.00 

See Figure 3 for a typical 1 chromatogram of a standard 


(nicotine). 


This methodology assumes that peak areas will be determined by 
an integrator or computer. However, peak height measurements can 
be used for manual calculations. 

Determine the peak area ratios for both the nicotine and the 

water standards as follows: 

Peak area (vate L . or , nicoti ne). . Peak Area Ratlo 
Peak area Internal standard 


Using the method of least squares, carry out linear regression 
analysis and determine the slope, Y-intercept, and correlation 
coefficient. 

The correlation coefficient must be greater than 0.98 or the 
standardisation must be repeated!. 

Substitute the slope and Y-intercept in the following linear 
regression equa tion: 

Y - (Y-lntercept) 

A * 

Slope 

X • amount of water or nicotine in mg/clg. 

Y - peak area ratio of water or nicotine 


Steps 8.8 through 8.11 should be ignored if the integrator or 
computer can perform a multi-point calibration!. 

If the gas chromatograph is Interfaced with the PAMILA computer 
system. Inject the standards as outlined In Section 12*7. 


Source:https://www.industrvdocuments.ucsf.edu/docs/irkm0000 
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FIGURE 3 

TYPICAL GHROMAIDGRAM 
Nicotine Analyses 


HE? 


rA^E 19 of 7 b 

* ’ “t4 f —H-f-f-r-i-p 






A * Solvent —- —*!—i-f- 

B ■ Nicotine ILL ".7 IZ^L ! a 

C - Quinoline (lot- Std.-V*", ~r r »T . 







|i ... ; . . _ .. - 1 - -" **!- * -O 

— ■ ■ —■— 1 — i . — ■ ■- — ■ ■ 1 1 " " ' "■ 1 mm ■ _ 


' • . ' Cl _ . __!_L_:_Wi_ 

- ; t~ t~ _ —. Mrr'— —t ... ;...... V. ....... «:.,— 

- • - j-I —-•]-{ ——- —•—■f 1 —, - — -- 

!-- • ; -q !--1 — i- j*— j - 1 • • • ~ - '- •••• i - - ^ — I 


,i. .. _ a. " Tj.-- j —-‘ n | —- -~V~ j -- --»— ‘“ V 




:“7-irtiEiE 


t r::v ; 




- J -t -:-f 

l?i 

o 

£j^t 

tp3 

_ <i 

- - 

-id 

-- 

[T. -4 

q-_ >— 

q. —i— o: 



, - . K 

M— t 

- - 



| - - - L 

EEi 

T 1 . 

_S 3 

t ■ 

-TT- 


it 

~~o 

f-jr i 








------ iu- 


1 -_ oi 

“ of 



I— - . • — I—t. — | - - | f- 

j_._ 3 r unqijr 2 _-.]u-L_i_h • 

1 —— - t - ■ j i f Time (min.) 




yferHsj li 

JjiUXi'itt +tz 


Source: https://www.industrydocuments.ucsf.edu/docs/jrkmOOOO 


2023100187 


















PACE 20 of 78 


9. Procedure 

9.1 Gas Chromatograph Conditions 
Column Oven Temperature - 200 # C 
Injection Size - 2 pi 
Thermal Conductivity Detector: 

Temperature - 250*C 

Sensitivity - 5 (Current * 150 milliamps) 

Attenuation - X4 

Carrier Gas Flow - 2 mL/mln. 

Carrier Gas - Helium 
Polarity - *A f 
Offset - 'None 1 

NOTE: Reference and carrier flow should be equal. 
Compound Detected - Water 
Ni t ro gen / Pho s ph o rou s De tec tor: 

Temperature - 300*C 

O Air Flow - 50 ml/min. 

Hydrogen Flow - 3.2 mL/min. 

Collector Voltage - 18-20! 

Electrometer Range - X100 

^ Attenuation - X102A 

! Carrier Gas Flow - 15 mL/mln. 

Carrier Gas - Helium 

Compound Detected - Nicotine 

9.2 Automatic Sampler Conditions 
Operating Mode - Auto 

Stop Integrate - 0 
Analysis Cycle - 2 min. 

Injections per sample - 1 
Wash Cycle - Minimum 
Syringe Stroke - Stop 1 
(Inject - 2 pi) 

Total Analysis Time - 3 min. 


Source:https://www.industrydocuments.ucsf.edu cs/jrkmOOOO 
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3 Column System Installation 

9.3.1 Install a modified H-P 1/8'* injection port liner (H-P 
Part No. 18744A) in the "A” injector. The modification 
was carried out in the B&W Machine Shop. (See Figure I.) 

9.3.2 Attach the nicotine column to the side outlet of the 
injector using a 1/8” Graphlok ferrule. 

9.3.3 Attach a 1/8” to 1/16” Swagelok reducing union to the 
outlet of the nicotine column. 

m- 

9.3.4 Attach a 2* x 0.009 H I.B. x 1/16” O.D. stainless steel 
flow restrictor to the outlet of the nicotine column. 

This tubing is available from most high-pressure liquid 
chromatography supply houses. 

9.3.5 Connect the outlet of the flow restrictor to the "B” 
nitrogen/phosphorous detector (N/PD.) using a Supelco 
reducing ferrule 1/8” to 1/16”. 

9.3l6 Attach the water column to the bottom outlet of the 
injector using a 1/8” Graphlok ferrule. 

9.3.7 Attach the outlet of the water column to the ”A” inlet 
of the thermal conductivity detector (TCDJ*. 

9.3.8 Attach a reference gas line to the ”B” side of the TCD. 
Run a 1/8” copper line from the ”B” injector to the TCD. 
Be sure to first install a H-P injection port liner (H-P 
Part No. 18744A) in the ”B” injector. No Injections are 
made into ”B” injector! 

9.3.9 This allows the ”B” flow controller to be used to adjust 
the reference gas flow to the TCD. 

9.3.10 Install a plug in the inlet of the unused ”A” N/PD. 

9.3.11 Adjust the carrier gas flow through the water column to 
25 mL/mihi. using the "A” flow controller. 


Source:https://www:TndLfStrydoctiments.ucsf.eclu/doGs/jrkmOOOO 
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Carefully leak check all connections using a 1:1 
solution of methanol:water. DO NOT USE "SNOOP ” OR ANT 
SOAP SOLUTION because they may contain phosphates which 
could contaminate the N/P detector. If leaks are found, 
repair and readjust carrier flow. 

9.3.13 Allow carrier gas to flow through the column system for 
15 minutes before heating to 210°C. Allow the column 
system to equilibrate ten minutes before making final 
flow adjustments. 

9.3.14 Check the flow through the water column and adjust to 
25 oL/min. if necessary. 

9.3.15 Adjust TCB reference gas flow to 25 mL/min. using "B" 
flow controller. 

9.3.16 Check carrier flow through the nicotine column;. The 
flow should be 12 mL/min. ±2 mL/min. If the flow falls 
outside these limits, the length of the flow restrictor 
must be changed. A shorter restrictor increases the flow 
and a longer restrictor reduces flow. After the 
restrictor is changed!, the flow through the water column 
must be adjusted. 

9.3.17 Turn-on the thermal conductivity detector. See Section 
9.5 

9.3L18 Turn-on the nitrogen/phosphorous detector. See Section 
9.6. 

9.3.19 After the detectors have stabilized, inject 2-3 pL of a 
smoke sample that contains both internal standards into 
the "A" injector. 

9.3.20 A typical chromatogram should take about three minutes. 
See Figures 2 and 3. 

9.3.21 The temperature of the column system can be adjusted to 
improve resolution;. Increasing the column temperature 
generally causes faster elution of the compounds. 


Source:https ://www. i adustrydocu m.ents.ucsf ..edu/docs/j rkmOOOO 
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9.3.22 The carrier gas flow can also be adjusted to Improve 
resolution. Increasing the flow generally causes faster 
elution of the compounds. 

9.3.23 If no response is obtained from the detectors or if the 
chromatograms do not resemble those in Figures 2 and 3, 
see: Section 9.4 - Troubleshooting. 

9.4 Troubleshooting 

9*4.1 If a sample is injected and no response is observed from 
either director; check for a leaking septum* large column 
leak at the injector, or a plugged injector. Make sure 
that the electronic equipment is working properly. 

9.4.2 If no response is observed on the TC detector; check for 
a plugged column* leak at the detector inlet,* or detector 
malfunction* 

9.4*3 If no response is observed for the N/P detector; check 
for a plugged column, plugged restrictor* leak at the 
detector inlet, collector "BEAD^' failure, or other 
detector malfunction,. 

9.4.4 Changes in peak retention time usually indicate changes 
in flow* temperature, or column failure. 

9.4.5 "Hoise" in the chromatogram usually indicates a gas 
leak* impure gases* or dirty detector. 

9.4.6 Loss of sensitivity with the TC detector usually 
Indicates a leak or dirty filaments (usually accompanied 
by electronic noise). 

9.4.7 Loss of sensitivity for the N/P detector indicates 
improper collector height* incorrect or air flow. 
Impure gases* or low collector voltage. Some loss of 
sensitivity is normal as the collector ages. 

9.5 Thermal Conductivity Detector Start-Up 

9.5.1 Set the detector temperature to 250*C and allow the 

temperature to stabilize. This takes two to five hours. 


i 


Source: https://www.indus.trydocuments.ucsf.edu/docs/jrkmOOOO 
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9*5.2 Adjust the flow of the reference side carrier gas using 
the H B" flow controller to match the flow of the water 
column* 

9.5.3 Set the sensitivity knob at five, the attenuation to 

four, the offset to none, and the polarity switch to "A." 

9.5.4 Inject 2 to 3 pL of the 4 mg water standard. The chroma¬ 

togram should resemble that shown in Figure 2. A complete 
chromatogram should take two to three minutes. 

9.6 Nitrogen/Phosphorous Detector Start-Up 

9.6.1 Set the detector temperature to 300*C and: allow tempera¬ 
ture to stabilize. This takes one to two hours. 

9.6.2 Carrier gas roust be flowing through the detector before 
the collector voltage is turned on or the collector will 
quickly burn out. 

9.6.3 Set hydrogen range valve lever in the doyn position - 0 
to 7 mL/tnin. (See Figure 4.) 

9.6.4 Set hydrogen flow for detector "B" to 3.2 mL/min. 

9.6.5 Set air flow for detector "B u to 50 mL/min. 

9.6.6 Set meter select switch to "B" detector. 

9.6.7 Rotate the voltage knob for detector "B" counterclock¬ 
wise to stop. 

9.6.8 Set the electrometer range to 1. 

9.6.9 Set attenuation to XS. 

9.6.10 Turn on voltage to the detector "B." The meter will 
read about ten volts. 

9.6.11 Raise voltage until a 10% rise in the baseline is 
observed on the recorder. 

9.6.12 Hold this baseline for one hour, adjusting voltage as 
necessary to maintain this offset. 

9.6.13 After an hour, slowly raise voltage over a period of 
three hours to 19-20 volts. 


Sour ce: https://w ww.industrydocuments.ucsf.edu/docs/irkmOOOO 
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N-P CONTROL MODULE 


15.16 


27,1,2 « 18 24 



8 / / / V • *1 
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28 20 


Item 

Description 

Part Number 

Qty 

i 

From Ferrule, 1/8T 

0100-0032 

! 6 

l 2 

Back Ferrule, 1/8T 

0100-0036 

6 

3 

Tubing Nut, 1/8T 

0100-0058 

2 

4 

Male Elbow, 90°, 1/8T, 1/8 PM 

0100-0065 

2 

5 

Male Connector, 1/81,1/8 PM 

01004)110 

6 

6 

Female Branch Tee, 1/8T, 1/8F, 1/8T 

0100-0713 

2 

7 

Pipe Plbg, 1/8M NPT, stainless steel 

0100-0887 

4 

8 

Toggle Valve 

0101-0296 

2 

9 

Pressure Regul ator, Air 

0101-0352 

2 

10 

Pressure Regulator, H, 

0101-0358 

2 

11 

Pressure Gauge, Air 

0(01-0360 

2 

12 * 

Pressure Gauge, H a 

0101-03611 

2 

13 

Round Knob 

0370-1091 

! 2 

14 

Nut. 5/16*20, brass 

0590-0385 

2 

1 « 

Panel Meter, 0-30 VDC 

11204)619 

1 

i 16 

Meter Support 

18789-00120 

1 


Source: https://www.industrydocuments.ucsf.eciu/docs/jrkmOOOO 
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9.6.14 S€t the electrometer range to 100. 

9.6.15 Set attenuation to X1024* 

9.6.16 Using the electrometer coarse zero* set the baseline at 

10 %. 

9.6*17 Inject 2 pi of the highest nicotine standard. The 
nicotine peak should be 15 to 18 cm high. 

9.6.18 If the nicotine peak is off-scale, raise the collector 

height one division. Repeat the injection and adjust as 
necessary. 

9*6.19 Inject 2 pL aliquot of each nicotine standard. 

9.6.20 Determine the peak area ratios of nicotine to internal 
standard. 

9.6.21 On graph paper, plot the standard peak area ratios 
versus concentration. This must be a straight line. 

9.6.22 If non-linear, raise the voltage and repeat. Do not go 
any higher than 22 or 23 volts - Instead replace the 
collector. 

9.6.23 Because the N/P detector can become non-linear as the 
collector ages, a linearity check (9.6.21) must be 
performed at the beginning of each day. 

( 9.6.24 When the N/P detector is not going to be used for a long 

period (over four days), reduce the voltage to about 14 
volts. 

9.6.25 If the N/P detector is not going to be used for a short 
while (less than four days), do not change the voltage 
setting. 

9.6.26 Do not turn off the collector voltage except to change 
septums and columns, etc. 

9.7 How to replace the collector in the nitrogen/phosphorous 

detector (Hewlett-Packard Model 18?89A)• 

9.7.1 Turn off the voltage switches on the control module. 

$ee Figure 4.) 

9.7.2 Turn off the hydrogen and air toggle valves on detector. 

. 9.7.3 Remove the detector cover by loosening two retaining 

screws* 

9.7.4 Loosen the two collector lock screws. $ee Figure 5.) 

Sour ce: https://w ww.industrvdocuments.ucsf.edu/docs/irkmQOOQ 
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N-P CHIMNEY ASSY. 




hem 

Description 

Part Number 

i Qty i 

i 

Collector N-P (shown) i 

18789-60040 

* 


Collector, Autoignition (supplied) 

18789-60080 

• 


Collector, Manual (supplied) 

18789-20170 

• 

2 

Oring 

0905-0111 

i 

1 3 

Insulator 

18789-60150 

i 

4 

Knurled Nut (brass) 

J 18789-20110 

1 1 i 

5 

Bottom Gamp 

18789-20070 


6 

Toroid Assy* 

18789-60050 

i 

A 

! * Connector 

1251-3407 

i 

B 

• Contact 

1251-0667 

2 

C 

• Wire Marker A 

7120-5376 

, 2 

D 

• Wire Marker B 

7120-5377 

2 

! 7 

Flat Head Screw, 4-40 x 0.25 

2200-0165 

2 

8 

Link Strap 

18189-00060 

1 

9 

Contact 

18789-20150 

1 1 

10 

Pan Head Screw, 4-40 x 0.25 

2200-0139 

4! 

11 

Top Gamp 

18789-20060 

1; 

12 

Spring (Wave) Washer 

2190-0174 

i 1 

13 

N-P Jet (long-small bore) 

18789-20190 

* 


N-P Jet (long-large bore) 

18789-80060 

• 

14 1 

Brass Nut, 5/16-20 

0590-0385 

1 


*Two (2) each art provided with the detector or installation kit. 


ource: 


:ps://wwwjndu'stty^ 
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9.7.5 Hold the top clamp to one side and pull the collector 
out vlth a pair of needle-nose pliers* 

9*7*6 Install the replacement collector; push the collector 

down as far as possible then pull it up three divisions. 

9.7.7 Small adjustments can be made to the collector to fine 
tune the detector when other operating conditions are 
established* 

9.7.8 Tighten the collector lock screws. 

9.7.9 Replace the detector cover. 

9.7.10 Turn on the hydrogen and air toggle valves on thfe 
detector. 

9.7.11 Continue as in Section 9.6*2. 

9.8 Automatic Sampler Set Up 

9.8.1 Install the automatic sampler to inject into the "A" 
injector (front). 

9.8.2 Adjust Stop 1 to inject about 2 pL. 

9.8.3 Install a clean syringe in the sampler. 

9.8.4 Load the sample vials into the sample cartridge* insert 
the sample cartridge into the injector and lock in 
place. Do not put samples in positions 96 and 99. 

9.8.5 Start the injection sequence by depressing the run 
button. 

9.8.6 The sampler will start after a time delay. 


9.9 


Sample Analyses 

9.9.1 Cambridge pads are received from the smoke laboratory 
after they have been transferred to stoppered sample 
vials. 

9.9.2 The sample vials are placed in the '’dry-box” where 20 mL 
of extracting solution is added by means of an auto¬ 
pipette. Stopper. 

9.9.3 The vials are then shaken for 15 minutes on an up and 
down shaker. 


Source: https://www:+ndustrydoGuments.ucsf.edu/docs/jrkmOOOO 
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9.9.4 The vials are removed from the shaker and placed In the 
"dry box.” 

9.9.5 Approximately 1 mL aliquots are transferred to the 
sample vials and capped with a Teflon lined septum cap. 

9.9.6 The sample vials are placed in the auto injector sample 
cartridge. 

9.9.7 After every 20 samples, a nicotine control and a water 
control are analyzed. See Section 11. 


10. Calculations 

10.1 1 Determine the areas of the nicotine and water peaks and their 
appropriate Internal standards. 

10.2 Calculate the peak area ratios for nicotine to internal standard 
and for water to internal standard. 

10.3 Using the regression equation (determined during standardiza¬ 
tion), substitute peak area ratios for Y. The value for X; will 
be the amount of nicotine or water. 

10.4 Standardization Example 

10.4.1 The following peak areas were measured for the water 
standards: 


Standard 

Water 

Int. Std. 

Blank 

5,008 

49,500 

0.5 mg/cig. 

101017 

49,648 

1.0 

16,111 

50*513 

2.0 

25,971 

49,479 

3.0 

36,232 

51,217 

4.0 

45,196 

48,921 

Blank 

4,991 

49,427 

0.5 mg/cig. 

11,131 

49,693- 

1.0 

15,917 

50,121 

2.0 

27,119 

49,610 

3.0 

35,013 

51.104 

4.0 

43,991 

48,617 


S6urce:'htfps://www.industrydocuments:ucsf.edu/docs/jrkm0000 
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1 The following peak areas were measured for the nicotine 


standards: 

Standard 

Nicotine 

lilt:. Std. 

Blank 

022 

97,017 

0.10 mg/cig. 

5,092 

105,094 

0.50 

24,963 

96,958 

1.00 

45,029 

87,111 

2.00 

105,991 

101,091 

Blank 

012 

95,912 

0.20 

4,897 

104,892 

0.50 

25,103 

105,227 

1.00 

44,971 

86,897 

2.00 

106,171 

100,961 


•2 The peak area ratios are calculated as follows: 


Peak Area (Water or Nicotine) 
Peak Area (Internal Standard) 


» Peak Area Ratio 


.3 The peak area ratios for the standards are as follows: 


Standard 

Water 

Standard 

Nicotine 

Blank 

0.10 

Blank 

0^00 

0.5 mg/cig. 

0; 20 

0.1 mg/cig. 

0.05 

1.0 mg/cig. 

0.32 

0.5 mg/cig. 

0.26 

2.0 mg/cig. 

0.52 

1.0 mg/cig. 

0.52 

3.0 mg/cig. 

0.71 

2.0 mg/cig. 

1.05 

4.0 mg/cig. 

0.92 

Blank 

0.00 

Blank 

0.10 

0.1 mg/cig. 

0.05 

0.5 mg/cig. 

0.22 

0. 5 mg/cig. 

0.24 

1.0 mg/cig. 

0.32 

1.0 mg/cig. 

0.52 

2.0 mg/cig. 

0.55 

2.0 mg/cig. 

1,05 

3.0 mg/cig. 

0.69 



4.0 mg/cig. 

0.90 




Source: https://wwwr.industrydocuments.uGsf.edu/docs/jrkmOOOO 
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10*4,4 Perform least squares linear regression on the above 
data and determine the correlation coefficient* 


Y-intercept and 

slope. 



Water 

Nicotine 

Y^intercept 

0.112 

-OvO05 

Slope 

0.200 

0.526 

Corr. Coeff. 

0.999 

0.999 


10.A,5 The standard equations are determined by substituting 

the above values for the slope and the Y-intercept in the 
following equation. 

t Y - (Y-Intercept) 

Slope 

where; X - the amount of water or nicotine 

Y » peak area ratio of water or nicotine 




10*4.6 Thus: 


Water 


Peak Area Patio - 0*112 
0 * 200 


Nicotine - 


Peak Area Ratio + 0.005 
0*526 


10.5 Sample Analyses: 

10*5.1 See Section 10.1 and 10.2 

10.5.2 Using the equations set up in Section 10.4.6. substitute 
the peak areas and solve. The results are in mg/clg. 


Source: https://www.industrydocuments.uesf.edu/doGs/jrkm0000 
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11. Quality Control Procedure 

11.1 Nicotine/Water Chemical Control 

11.1.1 After every 20 samples, a nicotine and a water control 
are analyzed. 

11.1.2 These controls are the 1 mg nicotine standard and the 
1 mg water standard. 

11.1.3 Sections 7.3 and 7.4 describe how to make these 
controls. 

11.1.4 The results of the analysis of these controls must agree 
within specified limits set for this method by the statist- 
tic ian and laboratory supervisor. 

11.1.5 If the results fall outside the limits, the method is 

» : 

declared out of control and the analyses must be 
repeated. 

11.1.6 If the results continue to fall outside the limits 
during repeat analyses, consult Section 12 for remedial 
action. 

11.1.7 If no change In the results are noted 1 after the 
application of the procedures in Section 12, shut the 
method down and notify the Manager of Analytical Methods 
Development. 

11.2 Nicotine/Water Smoke Control (Referee) 

11.2.1 Two referee samples are smoked per run on a Philip 
Morris Smoking machine. A ,t high fl level referee - about 
12 mg tar with 1 mg nicotine and a "low” level referee 
with about 5 mg tar with 0.6 nicotine. 

11.2.2 These referee samples are analyzed and the nicotine and 
water results must fall within a specified range 
determined by the standard deviation of a number of 
samples analyzed on different days. 

11.2.3 If the results are out of range, the Gas Chromatography 
Laboratory Supervisor should consult with the Smoking 
Laboratory Supervisor to determine if there was a 
variance in the smoking run. 
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11.2.4 If there was a variance during the smoking run, and a 
repeat analysis of the referee samples shows.the results 
still out of range - the sample must be discarded and the 
smoking run repeated. 

11.2.5 If there was no variance during the smoking run and a 
repeat analysis still shows the results out of range - 
consult Section 12 for remedial action. 

11.2.6 If following the suggestions in Section 1,2 results in no 
significant changes in the results, shut down the method 
and notify the Manager of Analytical Methods Development. 

12. Operational Motes 

12.1 The glass liner and septum for "A" injection port should be 
changed at the beginning of the day. The columns should be at 
room temperature and the N-P detectors must be turned off during 
the change. 

12.2 The linearity of the N-P detector should be checked! at the 
beginning of each day by injecting each standard in order and' 
plotting the peak area ratios of nicotine to the internal, 
standard versus concentration. 

12.3: Good chromatographic practice demands that,, when unfamiliar 

samples are to be analyzed, a preliminary sample containing no 
internal standard be analyzed to determine if a compound is 
present that would interfere with the internal standard. 

12.4 As the N-P collector ages, the detector response decreases; 

however, the peak area ratio (nicotine to internal standard) does 
not change. Changing the attenuation will compensate for this 
loss. A typical collector can be expected to last from two weeks 
to three weeks. 
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12.5 The upper end of the N-P collectors has division marks to aid in 
adjustment. EAeh division - 0.025”. To adjust the collector* 
loosen the two lock screws; push collector down as far as 
possible* then pull it up three divisions. Tighten lock screws. 

12.6 We strongly recommend the use of a carrier gas purifier to 
reduce the amount of oxygen and water in the carrier gas to less 
than 1 ppm. This will greatly increase column life. We 
recommend a unit such as the Supelco Carrier Gas Purifier Catalog 
#2-3800.* 

12.7 This is the standardization! procedure recommended for use with 
the PAMILA computer system: 

12.7.1 After conditioning the column system* standardize using 
three injections of each: the combined solvent blank - 
0.1 mg/cig. nicotine standard solution* and the combined 
3.0 mg/ig. water standard -1.5 mg/cig. nicotine standard 
solution. 

12.7.2 After standardization is complete* inject each standard 
in order to determine response. 
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PROCEDURE FOR THE DISTILLATION OF NICOTINE 


The following equipment Is needed: 

1*1 Heated three-neek round bottom flask - 250 mL - Ace Glass Company, 
Catalog #9642-112* 

1.2 Controller for heated flask (above) - Ace Glass Company, Catalog 
#9698-15. 

1.3 Connecting cord for heated flask - Ace Glass Company, Catalog 
#9698-15. 

1.4 Distilling receiver - Ace Glass Company, Catalog #9400^10. 

1.5 Distilling column - Ace Glass Company, Catalog #9351-06. 

1.6 Condenser, West type, 120 mm long Ace Glass Co. Catalog #9299-08. 

1.7 Magnetic stirrer - Fisher Catalogue #14-493-120 MR. 

1.8 Adapter (2) - Ace Glass Company, Catalog #5028-28. 

1.9 Thermometer (0-250*0 - Ace Glass Company, Catalog #9553-04. 

1.10 Thermometer (-10 to + 250*C) - Ace Glass Company* Catalog 
#8285-16. 

1.11 Vacuum trap (2) - Ace Glass Company, Catalog #8753-12. 

1.12 DeWar Flask (2) - Ace Glass Company, Catalog #2540-07. 

1.13 Needle valve (bottom of a Fisher burner) - Fisher, Catalog 
#03-902. 

1.14 Manometer - McLeod (5 um to 5 mm) - Fisher, Catalog #10-269-27. 

1.15 Teflon sleeves - Fisher, Catalog #14-320D. 

1.16 Vacuum pump - Welch from Fisher, Catalog #01—096b 

1.17 T-Shaped Connectors, Glass, 5/10” O.B. - Fisher Scientific, 

Catalog #15-328B. 

1.18 Storage vials, 1 mL capacity - Preiser, Catalog #10-4786-12. 

1.19 Caps for 1 mL vials - Preiser, Gatalog #10-4805-29. 

1.20 Crimper for above caps - Preiser, Catalog #10-4814-13. 
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Large storage vials with caps, 50 mL capacity - Preiser, Catalog 
#72-4708-53. 

1.22 Transfer syringe, 2 mL capacity - Preiser, Catalog #14-4249-17. 

1.23 Needles for above. No. 18, 2** - Preiser, Catalog #14-4261-52. 

1.24 Regulator, Dual Stage Brass, for nitrogen - Matheson, Catalog 
3104-580. 

1.25 Needle valve - for regulator above - Nupro, Catalog-Ss-2-25 


2. Supplies 

2.1 Nicotine, Reagent Grade, 98% purity - Eastman Organic Chemicals, 
Catalog #1242. 

2.2 Vacuum grease, Apiezon T - Fisher Scientific Company, Catalog 
#14-638-15E. 

2.3 Rubber tubing, k” base x k" wall - Preiser Scientific, Catalog 
#13-8874-13. 

2.4 Magnetic stirring bar (l**). Teflon Coated - Fisher Scientific, 
Catalog #14-511-63. 

2.5 Nitrogen, gas cylinder - Prepurified Grade from Matheson. 

3. Safety Requirements 

NOTE: NICOTINE IS A POISON AND SHOULD BE HANDLED WITH CARE! 


3.2 


3.4 

C 


(i t 


This equipment should be set up in a well ventilated hood that has 
a glass safety shield. 

There should be two technicians present at all times when the 
distillation Is in process. 

Technicians must wear safety glasses with side shields or full 
face safety shields. 

Technicians must wear rubber gloves when handling nicotine. 
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4.. Equipment Set-up 

4.1 All glassware should be cleaned In a chromic acid solution, rinsed 
in distilled water and dried In an oven before use* 

4;. 2 Assemble equipment as shown in Figure 1 using the Teflon sleeves 
to minimize the use of vacuum grease. 

4.3 Test system for leaks by closing needle valve on nitrogen inlet, 
starting vacuum pump and gradually closing the system needle 
valve. It is not necessary to have dry ice/acetone mixture in the 
DeWar flasks. 

4.4 Using the McLeod gauge, the vacuum should be less than 0.5 nan Hg. 

5. Distillation Procedure 

5.1 Carefully add the contents of a 100 g bottle of nicotine to the 
distillation flask. 

5.2 Add a stirring bar and start the stirring motor. 

5.3 Purge the system with N^ adjust flow to about 1-2 mL/min. 

NOTE: Keep gas delivery tube ABO^ the surface of the liquid. 

5.4 Add dry ice and acetone to the two vacuum traps in the DeWar 
flasks. 

5*5 Make sure that the system needle valve is open and turn on the 
cooling water to condenser. 

5.6 Start the vacuum pump and gradually close the system needle valve. 

5.7 Check the vacuum frequently with the McLeod gauge. 

5.8 When the vacuum stabilizes, adjust the vacuum level to 1 nan Hg by 
adjusting the flow of the nitrogen purge. 

5.9 Gradually apply heat to the distillation flask. 

5.10 Distillation will start at about 90*C. Distill at the rate of one 
drop every 15 seconds. 

5*11 Depending on the pressure, nicotine will distill at 110-120*C. 

5.12 Collect fractions and label with balling range and pressure. 

5.13 The residue remaining in the distilling flask should! be weighed 
and transferred to an amber vial. A label should be placed on the 
vial stating nicotine residue and the weight. The vial should! be 
returned to the Stockroom for disposal. 
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FIGURE 1 

EQUIPMENT SET-UP FOR NICOTINE DISTIIATION 
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. Storage 

6.1 After distillation* transfer the distilled nicotine using a glass 
syringe with a No. 18 or 20 needle to septum vials. 

6.2 Purge the vials with nitrogen and close with a Teflon lined cap. 

613 Store three or four vials in a larger screw cap vial that has been 

purged with nitrogen. 

6.4 Carefully label showing date, temperature, range, pressure, and 
person carrying out distillation. 

6.5 Wrap the container in aluminum foil and store in the dark in a 
freezer. 

6.6 The the samples will remain colorless for about six months if 
stored under these conditions. 


C 


L 


( 


c 


c 


Sour ce: https://w ww.industrvdocuments.ucsf.edu/docs/irkmOOOO 
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APPENDIX II 


HOW TO PACK A GAS CHROMATOGRAPH!* COLUMN 


NOTE: This procedure describes how to pack efficient gas chromatography 
columns. However, we recommend that the columns be purchased 
prepacked and preconditioned from: 

Alltech Associates 

202 Campus Drive 

Arlington Heights,, IL 60004 

1. The following supplies are needed: 

NOTES These are available from chromatography supply houses such as 
Supelco, Inc. 

Beliefonte, PA 16823 

Analabs 

80 Republic Drive 
North Hover, CN 06473 


Applied Science Division 
Milton Roy Company 
P. 0. Box 440 
State College, PA 16801 

Alltech Associates 

202 Campus Drive 

Arlington Heights, IL 60004. 

1.1 GC grade tubing 

1.2 Swagelok nuts 

1.3 Graphlok ferrules 

1.4 Leak detector - "Snoop” 
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1.5 Tubing cutter 

1.6 Tubing reamer 

1.7 Triangular file 

1.8 Silane Treated glass wool 

1.9 Column filling funnel 

1.10 Vibrator 

1.11 Column trap 

1.12 Column end caps 

1.13 Stopwatch 

1.14 Bubble flow-meter 

2. Procedure 

2.1 Cut tubing to the desired length. File the ends smooth and open 
the end of the tubing using a reamer. 

2.2 Wash the tubing using the following sequence and amounts of 
solvent (use vacuum to pull solvents through tubing): 



.Solvent 

Amount 

1. 

Chloroform 

50 mil 

2. 

Methanol 

25 mL 

3. 

Water 

50 mL 

4. 

Acetone 

25 mL 

5. 

Methanol 

50 mL 


2.3 Dry the column with a stream of nitrogen. 

2.4 If possible, pack the column straight then coil into largest 
diameter coil possible to fit into the oven. For packings, see 
Section 4. 

2.5 Insert a plug of silane treated glass wool in one end of the 
column. A straightened paper clip can be used for this. 

2.6 Attach a vacuum line to the end containing the glass wool plug, 

2.7 Attach a small funnel using rubber tubing on the other end of the 
column. 

2.8 Add column packing to the funnel and apply vacuum to the opposite 
end. Vibrate. 
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2.9 When the column is full, remove the funnel and close the column 
with a plug of silane treated glass wool* 

2.10 Coil columns to the desired diameter. 

2.11 Use brass Swagelok nuts and Graphlok ferrules to attach the column 
to the gas chromatograph. 

2.12 Attach the end of the column where it was filled to the outlet of 
the injector. Check for leaks. 

2.13 Attach a short length (12") of 1/16" tubing to the column outlet. 
This is to prevent back-streaming of air into the column during 
conditioning. Do not attach the column to the detector. 

2.14 Set the carrier gas flow as described in the method using a bubble 
flow meter connected to the 1/16" tubing on column outlet. 

. 2.15 Attach a tag to the column with the following information: 

Column diameter and length: 

Loading level and stationary phase: 

Support and particle size: 

When packed and by vHomc 

2.16 Columns can be conditioned in advance but must be tightly sealed 
and stored under nitrogen. 

3. Column Conditioning 

3w1 Allow the carrier gas to flow through the column at room 
temperature for 30-45 minutes to remove trapped! air. 

3.2 Program the temperature from 50*C to operating temperature +10*0 
at 1-2* per minute and hold overnight. 

3.3 The upper temperature limit should be held three to six hours. 

3.4 Columns can be conditioned faster using very high carrier gas flow 
(50-80 cc/mln.), reducing the initial period to 15 minutes, 
programming at 8*/minute and holding at the upper limit) operating 
temperature +20*C, for about one hour. This column will have 
shorter life and reduced resolution. 
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Column Packings 

The column packings listed below are available from Alltech Associates: 

4.1 10Z Carbowax 20M ♦ 2Z KOH on Chromosorb W Acid Washed 80/100 
meshu Catalog #8412 

4^2 Porapak Q porous polymer 50/80 mesh. Catalog #2700 
Prepacked Columns 

5.1 Excellent quality prepacked; preconditioned columns are available 
from: 

, Alltech Associates 
202 Campus Drive 
Arlington Heights, IL 80004 
Phone 312-392-2670 
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PROCEDURE FOR ANALYZING NICOTINE SAMPLES OUTSIDE TNE RANGE OF 0.1 TO 1.5 

MILLIGRAMS PER CIGARETTE 


Procedure to measure nicotine in samples containing more than 
1.5 mg/cig. 

1.1 No changes in the methodology are needed except that the sample 
should be diluted with extracting solution until the analytical 
result is less than 1.5 mg/cig. The result is then multiplied by 
the dilution factor to determine the nicotine level. 

Example: 

A sample is analyzed and the nicotine result is 2.6 mg/cig. From 
this it appears that the sample should be diluted one to two. 

Pipette ai. 5 mL aliquot of the sample into a 10 mL volumetric flask 
and dilute to volume with extracting solution. Mix well. Analyzing 
the diluted sample yielded a result of 0.88 mg/cig. Multiply this 
result by the dilution factor of two to obtain the final result of 
1.76 mg/cig. 

Procedure to determine nicotine in samples containing between 0.01 and 
0.2 mg/cig. nicotine. 

2.1 The changes in the methodology needed to analyze samples in this 
range are: (1) the extracting solution* (2) the standards, and (3) 
the electrometer attenuator setting for the nitrogen/phosphorous 
detector. 

2.2 Extracting Solution 

Reduce quinoline to 0.5 mL per gallon of isopropanol. Reduce 
methanol to 4 mL per gallon. Stopper and shake well. 

Concentration - quinoline 146 jig/mL and methanol 850 pg/tnL. 
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2.3 Nicotine standards: 

2.3.1 Using the nicotine stock standards made in Section 7.3.2, 
pipette 5 ffal of each standard into 50 mL volumetric flasks 
and dilute to volume with Isopropanol that does not contain 
any internal standards. Concentration * 50, 250, 500 and 
1000 pg/mL. 

label: Nicotine Stock Standard 
Concentration - 
Date - 

Technician - 

2.3.2 Pipette 2 mL of each Stock Standard into four extraction 
vials which contain two whole and two quarter Cambridge 
pads. Prepare a fifth vial as a blank. Add 20 mL of 
extracting solution to each vial. Stopper and shake 15 
minutes on the up and down extractor. Concentration - 100, 
500, 1000; and 2000 jag per vial which is equal to (assuming 
five cigarettes smoked per pad and two pads are 
extracted/vial) 0.01, 0.05, 0.10 and 0.20 mg/cig. 

Label: Nicotine Working Standard 
Concentration - 
Date - 

Technician Name - 

213.4 Transfer an aliquot from each vial to an auto sampler vial 
and seal. Set the auto injector to "maximum” wash between 
samples. 

2.3*5 Standardize the instrument as outlined in this methodology. 
Section 8. Adjust the attenuator as necessary. 

2.3^6 Analyze samples as outlined in Section 9.8. 
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Procedure to analyze nicotine in samples containing between 0.001 and' 

0.02 mg/clg. 

3.1 To analyze samples at this levels the instrument must be operated 
near its maximum sensitivity settings. The baseline from the 
nitrogen/phosphorous detector will be "noisy”'• All glassware must 
he thorougly rinsed with distilled water because detergent residues 
may contain phosphorous compounds which would interfere with the N/P 
detector. 

3.2 The changes in methodology necessary to analyze samples in this 
range are: (1) extracting solution* (2) standards* (3) electrometer 
settings and (4) autosampler set-up. 

3.3 Extracting Solution 

Reduce quinoline to 0.05 mL per gallon of isopropanol. There is no 
need to add an internal standard for water because this method 
cannot measure water at very low levels. Use the Karl Fischer 
method to measure water at these levels. 

3.4 Nicotine Standards 

3.4.1 Using the nicotine stock standards made in Section 7.3.2* 

pipette 1 mL of each standard into 100 mL volumetric flasks 
and dilute to volume with Isopropanol that does not contain 
any internal standard. Concentration - 5* 2:5, 50, and 
100 pg/mL. 

label: Nicotine Stock Standard 
Concentration - 
Date - 

Technician Name - 
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3 - 4.2 


3.4.3 


3.4.4 


3.4.5 


Pipette 2 mL of each Stock Standard into four extraction 
vials which contain two whole and two quarter Cambridge 
pads. Prepare a fifthi vial also containing Cambridge pads as 
a blank. Add 20 mil of extracting solution to each vial. 
Stopper and shake 15 minutes on the "up and down" extractor. 
Concentration equals (assuming five cigarettes smoked per pad 
and two pads are extracted per vial) 0.001, 0.005, 0.01 and 
0k02 mg/cig. 

Label: Nicotine Working Standard 
Concentration - 
Date - 

Technician Name - 

Transfer an aliquot from each vial to an auto sampler vial 
and seal. Set the auto sampler to "maximum" wash between' 
samples. Between each sample or standard vial, place a vial 
of absolute methanol to act as a solvent wash to prevent 
sample transfer which occurs at these very low levels. 
Standardize the instrument as outlined in this methodology. 
Section 8. Adjust the attenuator as necessary. 

Analyze samples as outlined In Section 9.8. 
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APPENDIX IV 

DATA FROM NICOTINE BUS AND PRECISION STUDY • 


AUTOANALYZER VERSUS GAS CHROMATOGRAPH 



C 


c 
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BROWu AND WILLIAMSON TOBACCO CORPOR/ .ION 

BicoTiM im u© precision foo ncmouAL mm 



-j description 
-- 


MUMER OF 

usars 


-pad uumxt- 


fUUR JUUIYUS- 


NtAN STANDARD 
RESULT DEVIATION 


NUN)» Of 

results 


MEAN 

result 


standard 

DEVIATION 


NUMBER OF MEAN STANDARD 
RESULTS RESULT DEVIATION 


ft&H MENTHOL 100 


»Y AA 

•V cc 
MEAN HAS 


BARCLAYi BOX, PCTCRSRURG * 

»r AA 

BY CC 

MEAN HAS 


BARCLAY MENTHOL 100, LOUISVILLE 
BY AA 
BY CC 
MEAN BIAS 


BARCLAY MENThOl 100, PETERSBURG 
|Y AA 
BY CC 
MEAN HAS 


BARCLAY MENTHOL, LOUISVILLE 

BY AA 
BY CC 
MEAN BIAS 


BARCLAY MENTHOL, PETERSRUOG 

BY AA 
BY CC 
MEAN BIAS 


c 


LAY 100. LOUISVILLE 


BARCLAY„ LOUISVILLE 


BARCLAY. PETERSBURG 


BC* - 2 


BY AA 

BY CC 
MEAN HAS 


BY AA 

by CC 
MEAN bias 


BY AA 

BY CC 
MEAN bias 


BY CC 
MEAN!BIAS 


BEL4IRC 100. PETERSBURG 


BELA11E, MACON 


0ELA1RE, PETERSBURG 


BY AA 
BY CC 
MEAN BIAS 


BY AA 
•Y CC 
MEAN bias 


BY CC 
MEAN BIAS 


9 

1.0** 

0.052 







9 

1.11* 

0.044 







9 

-0.031 

0.045 







2*9 

0.192 

0*041 

347 

0.445 

0.097 

142 

73.042 

3.444 

>4| 

0.201 

0.077 

147 

0.5910. 

129 

247 

74.154 

4; 494 

2*2 

-0.012* 

0.031 

147 

-0.044* 

0.042 

141 

-1.745 

2.701 

115 

0.327 

0.009 

♦7 

0.239 

0.049 

97 

52.499 

4.4*4 

115 

0.325 

0.04* 

97 

0.2540. 

049 

97 

52.45* 

5.33* 

115 

-0.003 

0.02* 

*7 

-0.014* 

0.039 

97 

-1.215 

2.419 

ID* 

0.373 

0.049 

42 

0.409 

0.0*4 

42 

51.499 

3.915 

103 

0.417 

0.077 

3* 

0.45*0. 

050 

33 

51.325 

4.544 

103 

-0.0*** 

0.030 

34 

-0.042* 

0.021 

33 

0.424 

2.137 

03 

0*132 

0.07* 

72 

0.211 

0.044 

70 

49.*71 

4.793 

BA 

Oil'll 

0,070 

72 

0.9220. 

044 

72 

74.311 

4.399 

B3 

0.017* 

0.014 

72 

-0.024* 

0;024 

70 

-4.509 

2.453 

OB 

0.1*9 

0.0*7 

47 

0.9*3 

0.041 

44 

41.922 

3.949 

H 

0.110 

0.050 

39 

0.3140. 

052 

39 

70.294 

3.474 

BA 

0.007* 

0,02* 

39 

-0.002 

0.040 

3* 

-1.2*4 

3.743 

1*3 

0.3** 

0.071 

1*4 

0.355 

0.041 

143 

51.05* 

3.249 

179 

0.395 

0.049 

132 

0.95*0. 

049 

127 

52.930 

3.927 

179 

0.009* 

0.059 

132 

-0.009 

0.099 

127 

-1.275 

2,745 

13* 

o.m 

0.054 

19 

0.410 

0.0*3 

•5 

72.29* 

4.244 

Ul 

0.139 

0.053 

09 

0.45*0. 

.044 

19 

74.372 

4.330 

123 

0.02* 

0.024 

09 

-0,049* 

0.042 

*5 

-*.400 

2.413 

231 

o.m 

0.052 

142 

0.424 

0.074 

135 

72.431 

4.172 

2*0 

.0.175 

0.049 

142 

0.47*0. 

.102 

142 

75.37* 

4.595 

231 

-0,002 

0.029 

140 

-0.055* 

0.053 

133 

-3.590 

2.799 

37* 

0.25* 

0.077 

317 

0.591 

0.074 

302 

70.740 

4.2*0 

3*3 

0.2*4 

0.044 

291 

0.4*90. 

.0*1 

290 

73;147 

4.309 

349 

0.004* 

0.049 

29» 

-0.052* 

0^045 

2*0 

-2.274 

3.0*9 

« 

0.1*0 

0.127 

33 

0.575 

0.045 

33 

40.7*4 

3.29* 

3* 

0.425 

0.142 

33 

0.5100. 

.0*2 

33 

34.500 

3.509 

39 

0.015 

0.0*9 

33 

0.04** 

0.031 

*3 

2.215 

1.479 

1* 

0.703 

0.059 

B 

0.7*5 

0.027 

* 

50.993 

1.731 

13 

0.7*9 

0*059 

0 

0.7020, 

.011 

9 

50.070 

1.9*1 

Ui 

-0.040* 

0.0*0 

0 

0.043* 

0.014 

9 

1.910 

0.732 

11 

0.7*3 

0.0*5 

21 

0.732 

0.034 

11 

*9.4*5 

1.914 

U 

0.73* 

0.042 

11 

0.7030, 

.040 

11 

44.944 

2:49* 

11 

0.009 

0^045 

21 

0.029* 

0.032 

U 

0.477 

1.4*9 
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t OWN AND WILLIAMSON TOBACCO CORPORATION 


iicvtik na pttcisioi fm i*>iyioual brands 


brand description 
—-me— 


3R0ADNAY BO ISRAU 


CMHD6CRS 


CAMU FILTER 


FAD ARALTIIS- 


FILTER ANALT&J*- 


«l*BER OF WAN STANDARD 


OU KAURIER, LOUISVILLE 


lURORA BO ISRAEL 


GOLDIN LIGHTS KS 


GOLDIN LIGHTS 100 


KENT DELUXE 100 



BESUlTS 

BESUIT 

DEVIATION 

BESULTS 

RESULT 

DEVIATION 

results result deviation 

BY AA 

B 

1:095 

0.094 

B 

0:959 

0.039 

0 

33:771 

1.153 

BY CC 

B 

O.BTA 

0.092 

B 

0:2770. 

029 

3 

271943 

1.34* 

MEAN BIAS 

B 

0 . 121 * 

0.047 

B 

0.131* 

0.014 

B 

5.324 

0,902 

BY AA 

B 

B.10A 

0.047 

10 

0.434 

0.049 

4 

32.423 

4.214 

by cc 

ia 

OiOSO 

0.031 

7 

0.4470.040 

4 

34.450: 

1.319 

mean BIAS 

B 

0.022* 

0.025 

7 

-0.020 

0.037 




BY AA 

B 

1.120 

0.101 

B 

0.701 

0.035 

3 

31:975 

1.424 

BY CC 

B 

1.092 

0.079 

4 

0.4470.044 

B 

37.230 

1.711 

Wan BIAS 

B 

0.021 

0.049 

a 

0.05** 

0:024 

B 

1.3*5 

1.491 

BY AA 

7 

0.149 

0.011 

10 

0.432 

0.041 

7 

73.551 “ 

2.511 

BY K 

10 

0.122 

0:020 

10 

0.4170:034 

10 

77.340 

3.073 

WAN BIAS 

7 

0.034* 

0.013 

10 

0.015 

0.031 

7 

-4*497 

3.3*4 

BMC ROW 










BY AA 

B 

2# 049 

0.139 

B 

0.399 

0:099 

B 

31,504 

1:194 ' 

by a 

0 

1.341 

0.071 

B 

0.7020.099 

B 

27.407 

1.949 

MEAN BIAS 

B 

0*021 

0.044 

B 

0.194* 

0.029 

3 

3.900 

1.095 

BY AA 

IB 

1.022 

0.100 

13 

0.445 

0.054 

12 

39:743 

4.153 

BY CC 

14 

0.977 

0.122 

12 

0:9750.030 

9 

34*441 

4.949 

WAN BIAS 

14 

0.044* 

0.045 

12 

0:090* 

0.111 

9 

4.013 

0.429 

BY AA 

ft 

1.174 

0.04« 

B 

0.TJ9 

0.044 

B 

34.442 

0.455 

BY CC 

t 

1.010 

0.045 

4 

0,4100. 

.042 

4 

34.300 

1.172 

Wan BIAS 

B 

0:09** 

0.047 

4 

0.137* 

0.025 

4 

2.359 

1.351 

BY AA 

14 

0.447 

0.043 

13 

0.952 

0.031 

13 

49.431 

1.774 

BY CC 

13 

0.723 

0.107 

4 

0.5170.034 

B 

42.251 

5,471 

Wan BIAS 

U 

-0.047 

0.111 

3 

0.054* 

0:039 

B 

4.191 

4.330 

BY AA 

14 

0.472 

0.099 

H 

0.593 

0.091 

14 

44.341 

2.022 

BY CC 

12 

0.710 

0.092 

12 

0.5420.091 

11 

42.345 

1.971 

MEAN BIAS 

12 

-0.044 

0:092 

12 

0.047* 

0.033 

11 

4.737 

2.470 

BY AA 

14 

1,200 

0.119 

14 

0.994 

0.034 

14 

33,194 

11.120 

BY CC 

11 

1.241 

0.144 

12 

0.5110,027 

11 

29.004 

2.439 

WAN BIAS 

U 

-0.044* 

0.079 

12 

0.090* 

0.020 

11 

4. *99 

1.440 

nnuBUBG 










BY AA 

41 

0.999 

0.044 

J7 

0.502 

0,044 

37 

47.273 

2.414 

BY CC 

41 

0.940 

0.094 

34 

0.4130,049 

34 

471744 

3.0*4 

NEAM BIAS 

41 

0.019* 

0.027 

34 

0:019* 

0.024 

34 

-0.13* 

1.423 

i, WTIRSBURC 










BY AA 

IB 

0.740 

0.045 

IB 

0.47B 

0*041 

13 

47.577 

2.117 

BY GC 

17 

0.T1S 

0.041 

14 

0.4440.039 

17 

*7.423 

2.545 

wan si a 

17 

0.024* 

0.034 

13 

0.032* 

0.015 

17 

0.249 

1.343 

FINLAND 










BY AA 

f 

0.710 

0.049 

% 

0.474 

0.039 

9 

40.132 

2.393 

BY CC 

f 

0.394 

0,073 







MEAN BIAS 

f 

-0.U4 

0:120 
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Source: https://www.industrydociimehts.ucsf.edu/docs/jrkmOOOO 
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iiconin bias and precision for individual drams 


A 


• description ———‘Pad rnmi i ■ - - filter analyse 


— ■ —me - 











nunrer of 

MEAN STANDARD 

RM1E R Of 

MAN STANDARD 

m*ft£R Of NEAR STANDARD 



RESULTS 

RESULT 

DEVIATION 

RESULTS 

RESULT DEVIATION 

RESULTS RESULT DEVIATION 

golden hots so. 

PETERSBURG 










BY AA 

14 

0.493 

0.111 

14 

0.450 0.052 

14 

41.749 

1.259 


BY CC 

u 

0.497 

0.119 

14 

0.4110.049 

14 

49.043 

J9ft2 


NEAR BIAS 

u 

0.034* 

0*0*2 

14 

0.032* 0.042 

14 

-0.294 

l.ftftS 

kent ni u 











BY AA 

14 

0.374 

0.031 

13 

0.495 0.044 

13 

44.141 

l.lftl 


BY CC 

It 

0.344 

0.021 

13 

0*5050.032 

13 

47.430 

2*304 

• 

NEAR BIAS 

It 

0.033* 

0.031 

13 

-0.010 0.019 

13 

-3.44ft 

2.775 

KEM1 KS, AUSTRALIA 











BY AA 

U 

1.191 

0*057 

11 

0.707 0.017 

11 

37.903 

1.54ft 


BY CC 

13 

* 1.070 

0.042 

11 

0.5530.093 

11 

34.159 

3.4ft* 


NEAR BIAS 

11 

0. Oftft* 

0.044 

U 

0.155* 0.040 

11 

3.745 

2.553 

KENT KS. PETERSBURC 











BY AA 

13 

0.943 

O.Oftl 

19 

0.457 0.019 

19 

40.73* 

2.159 


BY CC 

31 

0.95ft 

0.09ft 

14 

0.57*0.057 

It 

1ft.595 

1.52* ’ 


NEAR BIAS 

33 

0.009 

0.043 

14 

0.077* 0.04ft 

It 

2*577 

1.475 

KIKI MC. 11 100. PETERSBURG 










BY AA 

f 

1.144 

0.050 

9 

0.43ft 0.043 

5 

35.732 

2.343 


BY CC 

9 

1.103 

0.0*4 

9 

0*5100.031 

9 

31.4*5 

1.015 


NEAN BIAS 

9 

0.044 

0.0*3 

9 

0.12ft* 0.052 

9 

4.074 

1.491 

KENT NIC. 11. PETERSBURG: 










BY AA 

9 

O.ftftt 

0.099 







BY CC 

9 

1.012 

0.075 







NEAR BIAS 

9 

-0.034 

0i0*0 






KENT NIC. 100. PETERSBURG 










BY AA 

9 

1.120 

0.031 







BY CC 

9 

1.204 

0.113 







NEAR BIAS 

9 

-0.044 

0.111 






KENT NICROKITI 11 U 











BY AA 

It 

0.973 

0.074 

13 

0.415 0.035 

13 

3ft.474 

1.340 


BY CC 

U 

0.944 

0.07ft 

13 

0^ 5210.04ft 

13 

35.112 

2.347 


NEAR BIAS 

14 

0.009 

0.034 

13 

0.Oftft* 0.043 

13 

31*94 

... 1.442 

KENT BO. AUSTRALIA 











BY AA 

9 

1.004 

0.194 







BY CC 

9 

0.B44 

0.302 







NEAN BIAS 

9 

0.141* 

0* 104 






KENT BO. AUSTRIA 











BY AA 

34 

1.114 

0.201 

12 

0.451 0.054 

12 

39.141 

1.024 


BY CC 

34 

1.045 

0.192 

12 

0.5400.045 

12 

34.734 

1*444 


NEAR BIAS 

34 

0.04ft* 

0.04ft 

12 

0.091* 0.044 

12 

2.409 

1:297 

KENT BO. FINLAND 











BY AA 

9 

0.974 

0*237 

9 

0.5a 0.131 

5 

34.053 

1.977 


BY CC 

9 

1L034 

0*713 







NEAR BIAS 

9 

-0.043 

0.101 






*00t BOX 1/4-1/14 *«T 

. PCTIRSBUR6 










BY AA 

ft 

l.lftl 

0.070 

B 

0.477 0.091 

ft 

34.439 

1.703 


BY CC 

1 

1.144. 

0.029 

1 

0.5490.045 

ft 

33.129 

1.71* 


NEAR BIAS 

B 

0.035 

0.070 

• 

0.109* 0.032 

ft 

1.310 

0. ftf* 

KOOC BOX 1/4-1/B OCT , 

PETERSBURG 










BY AA 

9 

1.30ft 

0.094 







BY CC 

9 

1.100 

0.094 







NEAR BIAS 

9 

ft.20ft* 

0.019 







wot BOX 4UT, PCTERSIUtt 

( 


Source: https://Www. i 
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BR r VN AND WILLIAMSON TOBACCO CORPORATION 



norm na ajb hecuicm foa iwtnnuL uumt 


9 


BRAND DESCRIPTION 
-III- 


kool UNO rsn, macon 


kool kings nrr, nacon 


KOOL U. P&MAIU 


KOOL KS. PMllUPUES 


■UMBER OF 
RESULTS 

by a ** 

BV GC OP 

Man BIAS to 


IT AA BO 

BY K BO 

MAN BIAS BO 


BY AA B 

BY OC B 

MAN BIAS B 


BY AA B 

BY OC B 

MIAN BIAS 8 


BY AA 4 

BY OC 4 

Man BIAS 4 


■PAD ANALYSI S ■ 

MAN STANDARD 
RESULT DEVIATION 


1.109 

o.m 

1.155 

0.190 

0.05a* 

0.054 


1.191 

0 .202 

l. ID* 

0.1*4 

0.D42* 

8.047 


1.114 

0.103 

1.17* 

0.0*5 

*0.010 

0.07* 


1.152 

0.051 

1.12* 

0.071 

0.024* 

0.027 

1.447 

0.0*3 

1.275 

0.112 

0.1*2* 

0.1B4 


KOOL LIGHT 100 *5*1. MACON 


BY 

AA 

14 

0.440 

0.07* 

BY 

CC 

1* 

1.0*5 

0.092 

Man 

HAS 

14 

-0.105* 

0.02T 


KOOL LIGHT IOC 45*1. MACON 


IV AA 

72 

0.S95 

0.041 

BY GC 

72 

0.921 

0.090 

MEAN bus 

72 

-0.024* 

0.043 

KOOL LIGHT 100. PETERSBURG 




BY AA 

** 

0.B12 

0.121 

BY GC 

*4 

0.7*4 

0.127 

MAN BIAS 

*4 

0.015* 

0.044 

KOOL LIGHT. PETERSBURG 




BY AA 

34 

0.724 

0.040 

BY CC 

IV 

0.711 

0.074 

MIAN BIAS 

31 

0.012 

0.034 

KOOL MILO 100, LOUISVILLE 




BY AA 

43 

0.904 

0.100 

BY CC 

43 

0.917 

0.130 

MAN BIAS 

43 

-0.013 

0.045 

KOOL MILD. MACON 




BY AA 

42 

0.1*1 

0.145 

BY GC 

31 

0.B12 

0.120 

MEAN BIAS 

SB 

0.011 

0.070 

KOO. MILL. PETERSBURG 




BY AA 

3* 

0.923 

0.049 

BY GC 

2* 

0.903 

0.095 

MAR BIAS 

2* 

0.020* 

OlD4l 


KOOL REGULAR. LOUISVILLE 


BY AA 

15 

1.143 

0.095 

BY CC 

15 

1.074 

0.114 

MEAN BIAS 

IS 

0.047* 

0.104 

KOOL SUPER LIGHT tt. FI ML AM) 

BY AA 

B 

B.4B0 

B.114 


•flLTER ANALYSIS- — 


■UM1ER of 

MEAN 

STANDARD 

■UMlEi or MEAN STANDARD 

besults 

RESULT 

DEVIATION 

RESULTS RESULT DEVIATION 

74 

0.733 

0.091 

75 31.924 5.452 

.72 

0.4040.074 

71 . 35.420 4.491 

72 

0.131* 

0.049 

71 3.213 2.571 


44 

0.473 0.090 

44 

37.440 

4.474 

41 

0.5340.074 

41 

33.495 

5.200 

41 

0.134* 0.050 

41 

4.294 

1.905 


B 

0.455 0.047 

B 

34.917 

2.442 

I 

0.40201054 

0 

34.914 

3.524 

8 

0.052* 0.042 

4 

2.023 

1.554 


ft 

0.404 0.035 

B 

14.371 

0.414 

1 

0.4970.025 

ft 

30.400 

1.533 

B 

0.104* 0.037 

4 

8.771 

• 1.437 


14 

0.704 0.037 

14 

42. SIS 

2.411 

4 

0.7*90.030 

• 

42.523 

l.SDB 

S 

-0.024* 0.014 

1 

1.414 

0.514 


72 

0.710 

0.047 

72 

44.310 

2i04l 

40 

0.4440.042 

40 

41.47* 

2.09* 

40 

0.05> 

6.054 

40 

2.501 

2.254 


79 

0.470 

0.074 

79 

45.340 

3.535 

77 

0.43401047 

74 

44.177 

3.341 

T7 

OiOJl* 

0.044 

74 

01425 

2.340 


29 

0.792 

0.045 

29 

52.017 

2.007 

29 

0.7570. 

.045 

24 

511.590 

3.574 

29 

0.03* 

0.075 

24 

0.714 

2.377 


53 

0.429 0.070 

50 

40i922 

2.700 

43 

0.5*70.054 

40 

34.714 

3.091 

43 

0.C43* 0.043 

40 

2*549 

1.347 


35 

0.744 0.0B5 

34 

44.744 

2.741 

34 

0.4720.044 

29 

44.574 

3.53* 

34 

0.094* 0.043 

29 

2.319 

2.07ft 


U 

0.752 

0.049 

IB 

*4.711 

3.575 

14 

0.4**0.041 

14 

42.040 

2.991 

IB 

0.107* 

0.054 

IB 

2.741 

2.179 


Source: https://www.indusfrydbcumeritS:Xicsf.edu/docs/jrkmOOOO ,.. .. 
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BRQWr AND WILLIAMSON TOBACCO CORPORAT ION 



wcdtire nit precision for ibivioual braios 


t 


rr cc 

Ml AH HAS 


RJMBER Of 

RESULTS 

ft 


-HAD ANALYSIS- 

MlAM SIAKDARD 
RESULT DEVIATION 
0.445 0.125 

0 . 025 * 0*034 


COOL SUfERLJOnS 100 . Petersburg 

•V AA ft O.ftlA 0 . 03 ft 

•V CC ft 0 . 74 ft 0.043 

WAN ft IAS ft 0 . 014 * O.OU 


KOOi ULTRA loo. LOUISVILLE 


tool ULTRA, LOUISVILLE 


ROOL 100 . MACON 


•Y AA 

BJ 

IV CC 

74 

MIAN BIAS 

74 

BY AA 

73 

•V CC 

4 ft 

MEAN HAS 

4ft 

BY AA 

12 

BY CC 

10 

MEAN HAS 

10 


OifO) 0.015 
0iS34 0.0*4 
-0.04»* 0.042 


0.210 0.044 

0.215 0.044 

-0.00? 0.034 


1.033 0.102 
0.475 0*044 
0 . 044 * 0.051 


ROOL 100 . HETiERSIURC 


BY CC 
MEAN BIAS 


1.012 0.057 
1.005 0.072 
0.00? 0.02ft 


-FILTER ANALYSIS ■ — 

RNtER Of NEAR STANDARD MMIR OF NUN STANDARD 

RESULTS RESULT DEVIATION RESULTS RESULT DEVIATION 


ft 

0.542 0.037 

5 

40 .B 2 B 

1.242 

ft 

0 . 5220 . 01 ft 

ft 

34.544 

0.114 

ft 

0 , 040 * 0.020 

ft 

1.244 

0 . 44 ft 


»4 

0.451 

0.040 

54 

47.113 

4 . 24 ft 

47 

0 . 4430.041 

3 ft 

45.375 

3.571 

47 

- 0 . 020 * 

01041 

3 ft 

0 .B 44 

1.403 


47 

0.341 

0.107 

47 

42.470 

5.031 

35 

0 , 3740 . 

041 

30 

45.013 

4.274 

25 

- 0 : 031 * 

0.037 

X 

- 2 . 15 ft 

2.554 

10 

0 .T 11 

0.031 

10 

34.173 

2.114 

10 

0 . 5170.034 

ft 

34.754 

1.447 

ID 

0 .U 4 * 

0.041 

ft 

3.005 

1.424 


ROOL 100 ; PHlUlPUES 


•Y AA 
•V CC 
MEAN BIAS 


ft 

ft 

ft 


1.424 0 . 140 . 
1.472 0.211 
0.154 0.145 


K0»., MACON 


RSL - 1 


LAM IS 


LAN L 1 CKTS KS 


lark HI LOS 


«Y AA 

20 

1.244 0.103 

10 

0.747 0.047 

10 

37.140 

. 1.574 

•Y CC 

7 

1.147 0 . 07 ft 

ID 

0 . 4210.072 

7 

33.440 

2.202 

MEAN HAS 

7 

0 : 070 * 0.031 

10 

0 . 124 * 0.020 

7 

3.141 

l.Oftft 


BY AA 

410 

0.547 

0:075 

301 

0.442 0.054 

300 

53 .B 12 

2.441 

ftV CC 

345 

0 . 5 a 

0 . 0*3 

2 B 3 

0 . 5740.071 

272 

51.543 

4 .as 

MIAN BIAS 

345 

- 0.002 

0.044 

213 

0 . 045 * 0.043 

272 

2.244 

1.757 


BY AA 

14 

1 . 0*4 

0.111 

15 

0 . 5 H 0.054 

IS 

35.551 

2.112 

BY CC 

15 

1.022 

0.122 

15 

0 . 4750.052 

15 

31 . HS 

2 . 45 ft 

MEAN HAS 

15 

0.034 

0.102 

1 ft 

0 . 104 * 0.044 

15 

3 . 7,34 

1 . 3 T 2 


BY AA 

20 

0 . 40 ft 

0.123 

14 

0.744 0.057 

14 

44.475 

3.104 

BY CC 

2 D 

0.145 

0.150 

14 

0 . 7 ) 40.033 

14 

44.745 

3.124 

MEAN HAS 

20 

O.OU 

0.043 

14 

0 . 07 ft* 0.042 

14 

2.210 

2:034 


BY AA 

ft 

0.S54 

0.057 






ft * CC 

ft 

0,1*0 

0.047 

ft 

0.1400.014 

ft 

15.447 

1.377 

MEAN HAS 

ft 

0:014 

0.024 







LUCKY STRIKE to. PETERSBURG 

IV AA ft 

•Y CC ft 

MEAN BIAS ft 


1 . 31 ft 0.112 

1 . 24 ft 0.071 

0.020 0 . 0 A 2 


Luonr STRIKE, red stripe; pet. 

•Y AA 2A 

•Y GC 24 


1.144 

1.110 


0 . on 

O.OftO 


It O.TAl 0.047 

14 0.4330.042 


It 31.444 1.554 

14 37.052 1.442 


© 

w 

CO 

© 

© 

w 
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Source: https://wwW. 
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BROWr *ND WILLIAMSON TOBACCO CORPORATION 

RICOTIMt I1U UD WCUIM 10* iKniDIMl lltfW 


description 


-PAD AlULnii- 


"fiiTE* AMAtnn- 



HUMBER Of 

MEAN STANDARD 

NUMBER Of 

MEAN STANDARD 

NUMBER Of MEAN STANDARD 



RESULTS 

RESULT 

0CYIAT10M 

BESULTS 

RESULT DEVIATION 

RESULTS RESULT DEVIATION 

«CiPOIT »O t FINLAND 

0T AA 

8 

l.JA* 

0.0)5 

B 

0.732 0.0)7 

0 

20.277 

1.002 


•V CC 

4 

1.057 

0.0)5 

1 

0.5170.0*7 

4 

25.471 

1.553 


MEAN BIAS 

B 

0.045* 

0.017 

B 

0.124* 0.020 

0 

2.400 

0.17* 

MOM ES 


BY AA 


0.1B1 

0.0)5 

15 

0.241 0.0)0 

12 

47.245 

3.3*3 


BY CC 

14 

0.15) 

0.0)2 

15 

0.2570.03) 

15 

70.541 

4.234 


MlAS BIAS 

13 

0^0)7* 

0.0)2 

15 

0*011 0.03) 

12 

-4.551 

4.041 

MOM 100 

BY AA 

Si 

0.224 

0i040 

1) 

0.255 0.0)4 

12 

40.285 

4.451 


|v CC 

14 

0.22) 

0.053 

1) 

0.3750.022 

10 

42.500 

3,00* 


MEAN BIAS 

24 

0.007 

0.015 

1) 

-0.01V 0.024 

10 

-0.412 

2.3*4 

PALL NAU !XT LT 

BY AA 

B 

o.w 

0.042 

B 

0.745 0.025 

1 

50.700 

1.744 


BY CC 

• 

0.702 

0;©*1 

B 

0.4400.OM 

B 

44.500 

1.475 


MEAN BIAS 

B 

0.027* 

0.037 

B 

0.015* 0.021 

B 

2.200 

0.074 

PALL MALI EKTU U04TS KS 

IV AA 

to 

0.4)1 

0.055 

B 

OlTAA 0.047 

B 

54.244 

1.475 


BY CC 

to 

0.541 

0.0)4 

8 

0.4220.045 

B 

53.54* 

1.524 


MIAN BIAS 

to 

0.070* 

0.044 

• t 

O.U** 0.05) 

8 

1.40) 

1.225 

RalEIGH IJ»<TS. PETERSBURG 

iv a 

25 

0.747 

0.057 

22 

0.744 0.074 

22 

50.1)2 

2.150 


•Y CC 

25 

©;722 

0,055 

22 

0.4)50.073 

22 

44.*27 

2.441 


MEAN BIAS 

25 

0.0*5* 

0.0)4 

22 

0,0)0* 0.0*5 

22 

1.204 

1.802 

t cm long uwn, 

PETERSBURG 

BY AA 

24 

0.7)4 

0.115 

« 

0.744 0.0)1 

B 

50,*51 

0.3*5 


BY CC 

24 

0.454 

0.110 

• 

0.4450.025 

B 

50.*52 

1*437 


MEAN BIAS 

14 

0*040* 

0.040 

4 

0.045* 0.0)5 

• 

-0.001 

1.405 

tALUGM PLAIM. LOUI SV1U.E 

•V AA 

BY CC 

MtA* HAS 

•alEIGN 100. PETIASBUMS 

IV AA 

15 

12 

12 

11 

1^425 

1)2* 

0.1X1* 

1.212 

0*077 

0.122 

0.047 

0.210 

» 

0.717 0.042 

0 

25.15) 

0.522 


BY CC 

n 

1.1)0 

0.04) 

5 

0.4250.0*5 

5 

25.54] 

1.455 


MIAN BIAS 

21 

0.042* 

0.040 

5 

0.154* 0.053 

5 

2.22V 

1.413 

tALIICM. PETERSBURG 


BY AA 

11 

2.055 

0.071 

5 

0.444 0.055 

5 

25.532 

1.340 


BY CC 

n 

0.475 

0.045 

5 

0i»*70.025 

♦ 

34.122 

2.111 


N£AN BIAS 

li 

0.074* 

0.044 

5 

0.1)5* 0*053 

f 

9.410 

2.107 

SALEM K2 


BY AA 

22 

2.215 

0.054 

25 

0.722 0.042 

15 

25.271 

1.442 


BY CC 

21 

1.045 

0.121 

15 

0.5720.047 

15 

)*.572 

2.15 2 


MIAN BIAS 

21 

0.050* 

0.051 

15 

0.151* 0.050 

15 

4.25* 

2.332 

SALIM LIGHTS KS 


BY AA 

U 

0.4)4 

0.055 

14 

0.444 0.051 

14 

51.171 

2.011 


BY CC 

14 

0.4)1 

0.045 

14 

0.4140*037 

14 

50.300 

1.572 


MUM BIAS 

H 

0.024 

0.04) 

14 

0.044* 0.0)2 

14 

1.575 

1.535 

taafttom a 


BY AA 

22 

1.025 

0.055 

12 

0.104 0.022 

» 

15.011 

1.220 


BY CC 

22 

1.0)0 

0.125 

U 

0.3510.014 

IB 

13,072 

1.472 


MIAN BIAS 

22 

0.005 

0.10) 

10 

0.014* 0.015 

10 

2.53) 

1.325 


Sou rce: https://v\Aivw^^^e^nts:ucsf.edu/does/jrkm0000 
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NN AND WILLIAMSON TOBACCO CORPORATION 



■iconic »m decision for irdjvioua l urn 


♦ 


BRAND DESCRIPTION; 

--ME- 

TIME «0. ISRAEL 

UUMMIKS 

TRUE «S 

true ks, Petersburg 

TRUE 100 


VANTAGE ks 


- f 

MUR Of 

AD ANALYSIS ■■ ■ ■ 

NEAR STANDARD 

NLMtCI Of 

■fllTER ANALYSIS- 

NEAR STANDARD 

BLUB ft Of MEAN STANDARD 

RESULTS 

RESULT 0EV1AUON 

RESULTS 

RESULT DEVIATION 

RESULTS RESULT DEVIATION 

BY AA B 

1.240 o.or 

B 

0.440 0.0B1 

B • 34,243 1.424 

BY GC B 

1.059 0.0*5 

4 

0,5070.014 

4 32.454 1.445 

NEAR BIAS B 

0.131* 0.0*4 

4 

0.140* 0.024 

4 5.440 0.495 


BY AA 

B 

o.m 

0.055 

0 

0.577 0.055 

4 

44.444 

1.95* 

BY CC 

B 

0.291 

0 074 

I 

0.5950.030 

a 

47.177 

1.707 

NEAR BIAS 

B 

0.001 

0.023 

1 

-0.017 0.054 

0 

-0.734 

1.4*7 


BY AA 

14 

0.459 

0.05* 

12 

0.477 0.032 

17 

51.375 

1.424 

BY CC 

14 

0.454 

0.057 

13 

0.4570.044 

17 

49.415 

2 244 

MAN BIAS 

14 

0.004 

0.034 

17 

0.054* 0,074 

13 

1.459 

1.454 


BY AA 

21 

0.5B5 

0.050 

19 

0.544 0.054 

19 

50.575 

2.377 

BY CC 

21 

0.410 

0.079 

14 

0,5410.045 

14 

50.175 

2.372 

MEAN BIAS 

21 

-0.034* 

0.054 

14 

0.009 0.054 

14 

0.951 

1.204 


•Y AA 

B 

0.559 

0.059 

B 

0.147 0.029 

B 

50*414 

1.413 

BY CC 

B 

0,574 

0.054 

» 

0.5370:074 

1 

44.159 

1.491 

MAN BIAS 

a 

-0.015 

0.074 

a 

0.035* 0.035 

4 

2.255 

1.054 


BY AA ’ 

JA 

0.492 

0.044 

24 

0.197 0.0*5 

24 

54.725 

2.M 

BY GC 

79 

0.479 

0.055 

24 

0.4*40.109 

21 

55.323 

2.440 

NEAR BIAS 

29 

0.020* 

0.059 

24 

0.0*9* 0.110 

21 

1.452 

1.453 


vantage menthol ks 


VICEROY KS* HAITI 


VICEROY KS, PANINA 


By A* 20 

•Y GC 10 

HEAN BIAS 10 


A 

.4 

4 


BY AA 4 

BY GC 4 

HEAR BIAS 4 


BY AA • 

BY CC B 

NEAR BIAS B 


0.440 

0.059 

0.444 

0*105 

-0.004 

0:044 

0.440 

0.049 

0:733 

0.045 

0.127* 

0.027 

1.054 

0.044 

0.902 

0.053 

0.137* 

0.074 

1.250 

0.077 

1:209 

0.049 

0.041* 

0.054 


VICEROY KS* GUATEMALA 


BY AA 

BY CC 
HEAR BIAS 


VICEROY LI (MTS' PETERSBURG 

BY AA 
BY GC 
NEAR BIAS 


B 0.599 0.075 
4 0.407 0.N1 
» -0.007 0.0*5 


VICEROY long UWTS* PCTERS4URC 

BY AA B 

BY CC B 

HEAR BIAS B 


0.454 0.034 
0.455 0.051 
-OiOOl 0.034 


VICEROY RICH LIGHTS 100* PETERSBURG 
BY AA 
BY GC 
MAR BIAS 


BO 

BO 

BO 


0.S01 

0.747 

0.014 


0.155 

0 .SA 4 

0.055 


4 

01 '443 0.024 

4 

33.9*4 

1.400 

4 

0.2970.033 

4 

24 •15* 

1.951 

4 

0.145* P.004 

• 4 

5.133 

0.274 


4 

0.425 0.045 

4 

17.541 

1.113 

4 

0.4330:047 

4 

32:*17 

2.3*0 

4 

0:192* 0.04* 

4 

5.151 

2.142 


B 

0.415 0.014 

S 

35.347 

5.191 

B 

0,5)40:027 

4 

50.450 

1.190 

I 

0.151* 0.047 

4 

4.497 

2.549 


B 

0.547 0:054 

4 

49.513 

1.S5* 

B 

0.5300.027 

4 

44.7*3 

2.443 

B 

0.050* 0.034 

4 

2.420 

2.402 


* 

0:499 0.0*9 

B 

51.440 

1.407 

B 

0.5970.051 

B 

47.494 

2:720 

0 

0.101* 0.024 

B 

3.953 

2:334 


30 

0.755 0.110 

30 

*0.7*5 

4.470 

30 

0.4940.110 

30 

*7.1*4 

4.430 

30 

0:057* 0.045 

30 

1.401 

1.731 


Source:https7/wwwTiridu^trydoctirnents.ucsf.edu/docs/jrkmOOOO 
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BROW! 


PAUL >/ Os 

AND WILLIAMSON TOBACCO CORPORA ""'ON 



ft] COY HE BIAS AJC PRECISION FOR IIC1YIOUAL BRANDS 


10 


ft, DESCRIPTION 


PAD ANALYSIS- 

* 

flLTER ANALYSIS— 


BMEI Of 

HEAR STANDARD 

K»«ER Of 

MEAN STANDARD 

NUMBER Of MEAN STANDARD 


results 

RESULT DEVIATION 

RESULTS 

RESULT DEVIATION 

RESULTS RESULT DEVIATION 

VICEROY RICH LIGHTS, JAPAN 


1.011 0:M5 

11 


21 30.144 2.424 

BY AA 

17 

0.350 0.017 

BY CC 

14 

0.974 0.090 

31 

0.3370.022 

30 19.215 3.1*9 

MEAN BIAS 

14 

0.031* 0.054 

31 

0.034* 0.014 

30 0.497 1.094 


VICEROY RICH UOTTS. PETERSBURG 

BY AA 

1* 

0.415 

0.090 

11 

0.710 0.047 

BY CC 

14 

0.474 

0.095 

u 

0.4350:054 

MEAN BIAS 

14 

0.007 

0.051 

11 

0.075* 0.044 


11 90:710 1.073 

13 a.377 1.313 

11 2.133 1,492 


ViaiOV 100, LOUISVXtU 

•V AA It 

ftv CC It 

MEAN HAS It 


1.153 

0.112 

15 

0:757 

0.042 

1.043 

0.102 

15 

014100.040 

0.049* 

0.0*9 

15 

0.147* 

0.017 


11 19l531 3.01* 

11 35.137 3.441 

13 1.444 0.171 


VICEROY. 100, PETERSBURG 

BY AA 

10 

1.124 

0*104 

9 

0.411 0.044 

9 

14.405 

0.943 


BY CC 

10 

1.045 

0.113 

9 

0.5700.034 

9 

14.044 

1.155 * 


MEAN BIAS 

10 

0.039 

0.074 

9 

0.114* 0:014 

9 

2.741 

0.455 

VICEROY 70, GUATEMALA 

BY AA 

ft 

1.015 

0.092 

1 

0.342 0.034 

B 

25.974 

1.395 


BY CC 

ft 

0.155 

0.103 

4 

0.2320.021 

B 

21.405 

1.4*5 


MEAN BIAS 

4 

0.ISO* 

0.03* 

ft 

0.130* 0.009 

ft 

4.573 

0.413 

VICEROY, PETERSBURG 

BY AA 

U 

1.131 

O.UI 

12 

0.475 o.on 

13 

31L44I 

3.153 


BY CC 

If 

1.074 

0.134 

13 

0.5710.053 

13 

35.431 

2.595 


MEAN BIAS 

19 

0.055* 

0.045 

12 

0.1044 0.024 

13 

2.437 

0.49* 

MINSTON KS 

BY AA 

14 

1.034 

0 : 1*0 

11 

0.B25 0:142 

13 

44.054 

2.504 


BY CC 

14 

0.9*1 

0:113 

11 

0.4150.144 

13 

41.704 

2.447 


MEAN BIAS 

14 

0.041* 

0.049 

13 

0.140* 0.055 

U 

2.344 

1.534 


M1H110N KS, WMO KONG 


BY AA 

ft 

1.425 

0.004 

B 

0.839 0.145 

ft 

34.410 

4.244 

BY CC 

ft 

1.127 

0.093 

B 

0.4150.12* 

• 

12.075 

4.172 

MEAN BIAS 

ft 

0.094* 

0.034 

B 

0.2044 0.024 

4 

4.734 

0.470 


tUHSTOM LIGHTS KS, HOMO KONG 

•V AA t 

tree t 

MEAN HAS t 


0.143 0.034 
0.777 0.0*4 
0.045* 0.010 


4 0.755 0.031 

4 0.4000.0*4 

4 0.155* 0.034 


4 44.454 0.747 

4 43.545 0,439 

4 3.139 0.525 


MIKS70M LIGHTS 40. SAUDI AMAH A 
1Y AA 
BY, CC 
MEAM BIAS 


B 

B 

B 


0.191 0.059 
0.434 0.0*1 
0.055* 0.054 


B 0.44* 0:037 

I 0.7140.059 

B 0.1*7* 0.0*9 


ft 49.24* 1.154 

B 44.093 3.1*3 

B 1.151 1.140 


M1NST0M ULTRA LlOfT KS 


BY AA 

ft 

0.427 

0.079 

9 

0.570 0.023 

5 

57.104 

4.341 

BY CC 

B 

0.425 

0.072 

9 

0.5100.049 

9 

55 *34 

5.541 

MEAN BIAS 

1 

0.003 

0.01* 

9 

0.040 0.041 

9 

1.449 

3.344 


MIMSTOM 100 


BY AA 

14 

1.091 

0.044 

It 

0:793 0.014 

It 

42.109 

1:30* 

BY CC 

14 

1.045 

0.040 

It 

0.4410.040 

It 

19.390 

3.7*0 

MEAN BIAS 

14 

0.044* 

0.0*9 

14 

0.112* 0.0*5 

It 

2.719 

2.954 


t 


Source: ht t p s ://www.industrydocuments.ucsf ; edu/docs/jrkmOOOO 
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APPENDIX V 

STANDARD TESTING PROCEDURE 

ANALYTICAL METHODS PERFORMANCE CONTROL PROGRAM 

Authors;: Hr. J. P; Markham 
Mr. V. 0. Crain 

Procedure C-21 

Part I 
Part II 

January, 1980 


Source: htt p s://www ndi y ;uments. csf.edu/docs/jrkmOOOO 
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. January, 1960 


C-21 

Introduction, Page 1 


STANDARD TESTING PROCEDURE 


Title 

Analytical Methods Performance Control Program 


Purpose 

The purpose is the establishment of a standard procedure to 
be used 1 by each BkU laboratory for the continuous monitoring 
and controlling of various analytical methods performances. 


Method Outline 


A uniform batch of samples will be prepared and distributed to 

each laboratory. The individual laboratories will perform 

preliminary tests and use the data obtained to establish 

control limits and sampling schemes. Test results are then 

charted, and decisions are made as to whether the method is 

operating in control. 

* 9 


Procedures Included 

Part I 


< 


L 


C 


Test Number 

C-3 and/or C-15 

C-5 

C-B 


C-ll 

C-14 

C-16 


Part II 

Test Number 


C-l 


Description 

Menthol Content of Cigarette & Tobacco 
Percent Ventilation, Cigarette 
Glycerine & Propylene Glycol Content 
of Tobacco" 

Cigarette Ends ( Stability 

Cigarette Firmness 

Coal Retention of Cigarettes 


Description 

Tobacco Moisture Content 


L 


I 


Sour ce: https://w ww.industrvdocuments.ucsf.edu/docs/irkmOOOO 
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Analytical Methods Performance Control Program 
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Part I, Page 1 


APPLICABLE METHODS; 


Test Number 


Description 


C-3 and/or C-15 

C-5 

C-8 

C-ll 

C-14 

C-16 


Menthol Content of Cigarette & Tobacco 
Percent Ventilation 
Glycerin & Propylene Glycol Content of 
Tobacco 

Cigarette Ends Stability 

Cigarette Firmness 

Coal Retention of Cigarettes 


In addition, pressure drop, circumference and moisture content 
are included. 




C" 




SECTION 1 - SAMPLE PREPARATION: 


Control of process variation is extremely critical in preparation 
of the Control cigarette . This sample is used to monitor method, 
performance! Excessive product variation will result in large 
control limits or unreasonably large sample sizes to achieve 
desired detection levels. General guidelines are provided below. 


1. Select a mentholated brand with the following 
restrictions: 

a. 70% • coal retention - 90% 

b. ‘ Ends stability * 10 mg 

c. Porous plug wrap and perforated tipping 

2. The Development Center will fabricate eighteen (18) 
cases of cross-check samples in Item 1 above. This 
should provide about a six (6) month supply for all 
labs. The sample must be of homogenous materials 
covering the general range of values expected to 
normally be encountered for the test methods; e.g., 
prepare the sample from one operation of tobacco. 

3. R&D will perform an Initial analysis to determine 
the suitability of the samples as a control. 

General guidelines are provided in Table I. The 
standard deviation (£-) should not exceed 1.45 
times the guidelines. If several, say two or 
three, standard deviations exceed the guidelines, 
consider remaking the sample. The ultimate criterion,, 
however, is an economic one. The increase in analysis 
costs must be compared to the costs of remaking the 
control. 


N 

© 

W 

CJ 

h* 

© 

© 

N 

N 

00 


fc 


Source: https://www.industrydocuments.ucsf.edu/docs/irkmOOOO 
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Analytical “thods Performance Control Program 


c-n 

Part I, Page 2 


4. Randomize cartons among cases and then randomize packs 
among cartons within a case. 

5. If the sample is acceptable as a control, overwrap the 
cartons and cases. 

6. Store In an area where the temperature never exceeds 
80°F. 


SECTION 2 - PRELIMINARY SURVEY: 


The preliminary survey is to be done at each of the participating 
labs. The purpose of the preliminary survey is to determine the 
reference line for control charts, further, these data are used 
to estimate sampling requirements for control of the standard 
test procedures (STP). 


A. Sample Selections: 


1. Randomly select eleven (11) cartons from the sample 
above (see Table II for sampling scheme). 

2. Cigarette Weight : Betermine the gross weight of 
twenty (20) groups of 50 cigarettes each.* 

3. Ends Stability : Determine ends stability for the 
cigarette weight groups. 

4. H umectants and Menthol : Randomly select 2 groups of 
?0 cigarettes for humectanc and menthol analyses. 
This provides twenty (20) determinations each of 
humectant content and menthol content. 


Precaution: Seal the 2 groups of 40 cigarettes 
in 1 oz. vials with 2 cigarettes 
per vial to minimize menthol and 
humectants losses. 

• • 

5. C ircumferences : Randomly select 50 cigarettes and 
determine circumference. 


•6. Coal Retention : Randomly select 10 groups of 30 
cigarettes for coal retention* 


7. Firmness : Randomly sample 10 groups of 50 cigarettes 
from Item 1 above and divide each group into two (2) 
groups of 25 cigarettes for firmness. 

8. Moisture : Immediately after the firmness tests 
are finished, rip each group of 25 cigarettes for 
moisture testing. 

♦Gross weight is not a controlled specification, it is listed 
because a change in gross weight can be an indication the control 
cigarettes have undergone a change. 


N 

O 

w 

CO 

h* 

O 

o 

N 
N 
C D 


Sour ce: ht tps: / .indus ydocuments.ucsf.edu/docs/jrkm0000 



P :rt I, Pag ' 3 


Februar,, 1980 
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9. Ventilation Pate : Randomly temple 75 cigarettes for 
ventilation rate. 

10. Pressure Prop : Randomly sample 100 cigarettes for press;.!, 
drop. 

B. Test Details: 

1. .All testing Bust be divided among the qual 
who routinely perform these tests. They s 
across shifts and, a minimum of 3 to 5 day 

2. When multiple units of equipment are used 
laboratory, the tests must be equally spli 
on all units. 

3. Calibrate all equipment before conducting 

C. Calculations: 

1. Calculate averages, standard deviations (£-) and RSD 

(relative standard deviation) for Items 2-10 in Subsection 
A, above. 

* 

Definition: RSD • x 100*4 

x 

Caution: The standard deviation of coal retention is calcu¬ 
lated using the following: 

- ^J CR (100-CR) 

Where CR • coal retention (%): and K ■ the number 
of cigarettes tested. 

Example: (T - \l (80*4) (2oI) ‘ - 2.3U 

V 300 


three or 
e average 


story, the 
1 equipment. 


C 


( 


D. Sample Size (Dally) Estimation: 

The sample size for a control varies from two (2) to ten (10) 
test units for each of these SIP. 

1. Sample sizes (n) for C-3, C-5, C-8, CpII and C-14 can be 
estimated using the equation: 



Source: https://w ww.industrydocuments.ucsf.edu/docs/jrkmOQQQ 


2023100230 



Januirv, 19BU 

Analytical Method* Performance ContiProgram Par - l, Page ' 

2 2 

n - £hMl (RSD l 

2 

(E) 

where E is obtained from Column 1 in Table I and PSD is 
the observed USD. 

Mote: Always round-up to the next whole number. 

Example: n • (1.96) (67.) m q 

2 

(4%) 

2. For C-16, use the equation: 

n • A x CR (100 - CTO 

where CR is the average coal retention (%) for the pre¬ 
liminary survey. 

Note: Always round-up to the next multiple of 30. 

Example: n ■ A x (807.) (207,) » 131 rounds up to 150 

(7%) 2 


SECTION 3 “ CONTROL CHARTING : 

Each Branch 1 must maintain x - charts and R - charts. These charts 

must be updated daily and applied to the dally averages. 

A. The number of controls for each of the STP must be evenly dispersed 
amoving routine samples and across shifts. When multiple units of 
equipment or operators are used within a shift, divide the controls 
amoung the^instruments and/or operators. 

B. Construct x - charts and R - charts for each SIP based on 
averages and standard deviations of test results from the pre-^ 
liminary survey. Select a convenient scale that covers approxi¬ 
mately two-thirds of the graph. Examples of x - charts and R - 
charts are attached. 
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1. STP C-3, C-5, C- 8 , C-ll and C-U 
x - chart 

.♦ 

Center line: x 

Control limits: x £ 3 

fn“ 

Where: n • number of control analyses per dky. 


R - chart 

Center line: R • dj $“* 

Upper Control Limit (UCL) ■ D^R 

m 

Lower Control Limit (LCL) • D 3 R 

where dL, D, and 0* are obtained from Table III. The sam¬ 
ple size, n, for d| is the number of daily replicates;. 


2. STP C-16 
x - chart 

Center line: CR* 


Control limits: CR £ 3 x ^ CR (100 - CR) 

where N - the number of test units times 30. 


R - chart 


Center line: CR 


- Control limits: CR + 3 x \J CR (100 - CR) 

” V 30 

C. When the supply of the control sample is nearly exhausted, over¬ 
lap the control charts for several weeks with the revised con¬ 
trol charts for the replacement sample. This overlap also 
includes the time for the preliminary survey. 

♦Estimated from the preliminary survey. 
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SECTION 4 - DECISION SCHEME : 

When applying the charting methods above, employ the following 

criteria: 

A. Operator Level 

.•To control the method vithin-day, the operator examines 
individual results. If two or more successive controls ex¬ 
ceed the 3-sigma limits (3 x d~ ), then find out why. 

B. X - Charts 

1. Compulsory 

a. One or more daily average outside the control limits 
Indicates lack of control. In such cases, stop the 
analysis and find out what vent wrong. 

b. If two or more successive daily averages are beyond' 
two sigma (2 x cr /yn) limits, stop the analysis and 
find out what went wrong. 

2. Caution: 

a. If four or more successive daily averages are outside 
one sigma (2"/yH) limits, then find! out why. 

b. If eight or more successive averages are above or be¬ 
low the center line, then find out why. 

C. R - Charts 


Individual values outside the control indicate, a significant 
change in the variation of test results. If the pattern is 
persistent, say two or three successive days, then find out 
why. 
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TABLE X 

Guidelines for Control Cigarettes 

Error (E) 


Measurement BSD(X) 

Circumference (sea) 1 

Coal Retention (X) 7 

Ends Stability (wg) 50 

Firmness* (cts/25) 4 

Prcpylene Clycol (X) 5 

Clycerin ('.) 5 

Firmness Moisture (X) 2.5 

Cigarette Pressure Drop (in.) 5 

Menthol (1) 5 

Cicarctte Weight (mg) 1 

Ventilation Rate Ci); *30 


‘Moisture Corrected 


Standard 

Deviation 


0.15 


5 

1.3 

7 


0.07 


Ok 0* 


0.3 


0.3 


o.o: 


10 


3.5 
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SAMPUDC SCHCiE TOR mi IMIS AST SURVTY 


11 Cartons (110 packs) 


Randomly select 2 Cigarettes 
itrn each of 20 packs for aenthol 
rests. | 

l 


Randonly select 20 (roups of SO 
cigarettes for gross weight (SO 
packs). | 

Run these 20 groups of SO 
cigarettes for ends stability. 


Randomly select 2 cigarettes froo 
each of 20 packs for hunectant 
analyses. jj 

i Randomly select SO cigarettes for 
circumferences.. 

Rand only select 300 cigarettes for 
ccal retention. 

i 

Randomly select 20 groups of 25 
cigarettes (or flrr^ess. Determine 
rttisture content on each croup. 

Randomly select 75 cigarettes for 
percent ventilation. 

Randomly select 100 cigarettes for 
pressure drop. 
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Center line* • 9i00 

r* - 1.0 UCL - 10.2 
n - 6 LCL - 7.8 

^Preliminary Survey 
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BROWN 6 WILLIAMSON TOBACCO CORPORATION 
Research Department 
Standard Method of Analysis 


Method No.: SM-134 Date Issued: March 11, 19B3 


Method Class: 

Title: The Automated Determination of ^ar, Nicotine, and Carbon Monoxide by 
the FTC Method 


Author: Mr. R. A. Burge 

Summary: Cigarettes are smoked on a Phipps & Bird! smoking machine. Carbon 
monoxide ICO) is collected and measured. Gelman pads are used td 
trap particulates and the total particulate matter (WTPM) is 
measured by weight. The Gelman pads and filter tips are placed 
into vials and extracted with isopropanol. Water and nicotine 
content of Che pad extracts and the nicotine content of the filter 
extracts are determined. Tar is then calculated from these re* 
suits. The method measures WTPM;, water, nicotine, CO and puff 
number. Tar is calculated using WTPM, water and nicotine 
results. Nicotine Retention Efficiencies (ZNREJ. are calculated 
using nicotine results. Tar, nicotine, and CQ are reported as 
mg/cig. 

Sample Size: The sample consists of SO cigarettes divided into 16 sub* 
samples (ports) of five cigarettes each. Each of the 
subsamples is smoked onto a filter trap where the WTPM is 
collected and measured. 


Range and/or Sensitivity: Tar can be measured precisely in samples deliver¬ 
ing from 0.5 -40.0 mg/cig. CO can be measured 
in samples delivering 0.5 - 25.0 mg/cig. 


Precision: Method precision was estimated for tar from smoke determinations 
on two control samples (8.8 and 5.0 mg/cig). The standard 
deviations were 0.5 and 0.4 mg/cig, respectively. The relative 
standard deviations were 5.7 and 8.01, respectively* 


Analysis Time - Setup: (man-hours) - 8 hours (16 port sample) 

- Take-down: (man-houra) - 2.0 

- Variable: Approximately 20 ± 2 samples/day. 

(man-hours/sample) »4.0 
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1. Principle of Method 

Total particulate natter (WTPH) and puff number are measured by 
smoking cigarettes on a Phipps & Bird Mark I smoke machine 
(ref* 1). The WTPM is collected on a smoke trap that is used to 
collect aerosols* The trap (Gelman pad), which collects smoke 
particulates, is extracted with isopropanol containing two (2) 
internal standards* Nicotine and water are measured in this 
extract* Nicotine is determined using an AutoAnalyzer 1 system 
(ref* 2)• Water is determined using gas chromatography (ref. 3)* 
Filter tips are extracted with isopropanol, and the extract is 
analyzed for nicotine via an AutoAnalyzer 1 system (ref* 2). 

Carbon monoxide is determined in the gas phase of cigarette smoke 
by nondispersive infrared (ND1R) analyzer* The gas phase of each 
port of smoke is collected in a bag and each bag is subsequently 
sampled when smoking is complete* 

Tar and CD are calculated using a computer system* Results are 
reported aa mg/cig. 

2. Range and Sample Size 

2*1 This method is used to determine tar, nicotine, WTPM, CO, 

X NRE, and puff number in whole smoke* A minimum of 20 
cigarettes is recommended. Five cigarettes (one port) are 
smoked per Gelman pad (smoke trap)• Two pads are combined 
and extracted with isopropanol. These extracts are used to 
measure nicotine and water which are used to calculate 
tar. X NRE is calculated from the nicotine extract re¬ 
sults* CO is measured in the vapor phase. (Recommended 
minimum porta smoked ■ 4; normal ■ 16.) 

2*2 ' Tar content is determined routinely from 0.5 - 40.0 mg/cig. 
2.3 Nicotine content is measured routinely from 0.02 - 2.6 

mg/cig using AutoAnalyzer Methodology* Higher concentra¬ 
tions are measured with appropriate dilutions!* Nicotine 
levels as low as OuOOl mg/cig are measured via gas 
chromatography method (ref. 3). 
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2.4 CO is measured routinely from 0.5 - 20.0 mg/cig. Higher 
concentrations can be measured, but modifications in the 
smoking apparatus are needed. 

2.5 Water content is measured routinely from 0.2 - 4.0 mg/cig 
(0.1 - 2.0 mg/mL). Higher concentrations are measured with 
appropriate dilutions. 

2.6 Puff number is automatically calculated by the computer 
using a pulse generator as a signal. Typical ranges for 
this result are from 6.0 - 15.0 puffs/cig. X NRE obtained 

‘ from nicotine is also calculated by the computer. The 
topical range for X NRE is 25 - 80X. 

3. S afety Precautions 

3*1 Normal safety precautions are employed. 

3.2 Nicotine is very poisonous. Standards containing pure 
nicotine should be handled with caution (ref. 2). 

3.3 CO is a very poisonous gas, therefore CO cylinders must be 
stored in a hood. Calibration standards should' be handled 
with caution. 

4. Interferences and Corrective Measurements 

*4.1 Plain end cigarettes are taped so that leakage does not 
occur when these cigarettes are inserted into the dental 
dam (rubber membrane) on the front of the Gelman pad holder. 

4.2 Charcoal filters cannot be analyzed for nicotine by the 
AutoAnalyzer method. Charcoal interferes with this 
method. GC analysis is used to determine nicotine 
concentration for these filters. 

4.3 Appropriate measures to insure the correct computer re¬ 
sponse must be taken if less than five cigarettes are 
smoked per Gelman pad (see computer manual for necessary 
corrective steps). 

CAUTION : CO measurements are not valid for less than five 

cigarettes/port, unless appropriate volume corrections are 
made. 
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4.4 Special smoke, delivery methods must be instituted if tar 
results are expected to be below 0.5 mg/cig (refs. 4, 5). 

4.5 Care must be taken when smoking cigarettes that Have venti¬ 
lated tipping. The vent holes in the tipping must not be 
covered by the rubber membrane on the end of the smoke trap 
assembly. 

4.6 For cigarettes with filters that have been pulled; the 
tipping on tobacco sections containing ventilation must be 
taped or blocked so that ventilation does not occur. 

4.7 When tobacco sections of cigarettes are smoked, they must 
be taped with "Magic" tape so that leakage does not occur 
when these cigarettes are inserted into the dental dam 
(rubber membrane) on the front of the Gelraan pad holder. 


5. Precision 

5.1 Tar deliveries of two control samples were collected at the 
rate of 6 ports/day for a ten day period. 


5*2 The mean (X), standard deviation (S.D.), and percent 

relative standard deviation (R.S.D.) of the tar deliveries 
for both referees were: 

Control 1 Control 2 


5.3 


X 8.8 mg/cig 

S.D. 0.5 

R.S.D. 5.7*! 

N 30 , 

Nicotine deliveries of two referee 
VRL-1) were collected for 13 days, 
run from 2 to 10 times each day. 


5.0 mg/cig 
0.4 
8.0Z 
30 

samples (BCR-2 and 
Each referee sample 


was 


5.4 The mean (X), standard deviation (S.D.), and percent 
relative standard deviation (R.S.D.) of the nicotine 
deliveries for both referees were: 


BCR-2 


VRL-1 


X 0.28 mg/cig 

S.D. 0.04 

R.S.D. 14Z 

N 61 


0.78 mg/cig 

0u05 

6Z 

95 
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5.5 CO deliveries of two control samples were collected st the 
rate of 8 ports/day for a ten day period. 

5.6 The mean (X), standard deviation (S.D;)» and percent 
relative standard deviation (R.S.D.) of the CO deliveries 


for the two 

control samples; were: 

Control 3 

Control 1 4 

X 

8*8 mg/cig 

3.3 mg/d 

S.D. 

0.76 

0.33 

R. S.D. 

7.2% 

10.0% 

N 

80 

80 


6. Apparatus 

6.1 Phipps & Bird Hark 1 Smoking Machine , designed and licensed 
by Philip Morris Research Laboratories, with a 20 port 
capacity. 

6.2 Gelroan smoke analysis filters - plastic disposable type 
holders* This filter holder is leak proof and chemically 
inert* It meets or exceeds all I.S.O./D.I.S 3308.2 
standards. 

6.3 Filter discs made of a glass fiber material, 1-2 mm thick 
with a diameter of 47 mm. The rough filter surface faces 
the oncoming smoke* The filter material must have the 
following characteristics. 

6.3.1 It must retain at least 99.9% of all particu¬ 
lates having a diameter equal to or greater than 
0.3 pm of a dioctylphthalate aerosol at a 
linear air velocity of 140 mm/s (28 linear 
feet/minute (LF/rnin)). 

6.3.2 The draw resistance of a filter assembly muse 
not exceed 1 900Pa (9 mbar) it i flow of 17.5 cc/s. 

6.3.3 The polyacrylate binder shall not exceed 5% 

(m/m) • 

6.4 Thin latex rubber membrane made from dental dam cut into 
square pieces approximately 3.5 x 3.5 cm. This square has 
a hole in the center made from a #1 hole punch. 
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6.5 Silicone rubber 'W rings» small - 3/8” I.D. 

6.6 Alnor Velometer Type 3002: Used to measure the machine 
airflow at each of the three tri-ducts. A jet probe, 

#3910, to measure the air velocity is connected to the 
Alnor Velometer. Each duct is set to pull between 350 and 
500 LF/min air velocity. 

6.7 Standard Electric Timer Model 600-100: Used to measure the 
puff duration to 1/100th of a second. 

6.8 A 50 cc Buret or Soap Bubble Flow Meter: Used to measure 
the 35 cc puff volume for each of the 20 ports. It is 
graduated in 0.1 cc intervals. 

6.9 Analytical Balance - Mettler Model HL-32: 160 g capacity, 

accurate Co 0*1 mg. 

6.10 Filtrona Model ATCOM 300 CK Carbon Monoxide NDIR Analyser: 
Equipped with adapter unit for the Phipps & Bird Model Mark 
I smoking machine. 

6.11 Computer Hardware 

6.11.1 Hewlett-Packard 3070A Terminal 

6.11.2 a Hewlett-Packard 2240A Control Processor 

6.11.3 Hewlett-Packard 1000 £ Computer 

6.12 Vertical Vester Shaker 

6.13 Filamatic vial filler set at 20 cc delivery. 

6.14 Thread - 325 yd spool of J. & P. Coats black, cotton 
covered, polyester dual duty sewing thread. 

6.15 Butt Marker 

6.16 Set of Class S NBS calibrated weights. 

Chemicals 

7.1 Hi-Vacuum Pump Oil 

7.2 SNOOP 

7.3 CO Standard Gas Mixtures supplied by AIRCO or Matheson. 

7.3.1 6.OX CO, 94.OX high purity nitrogen. 

7.3.2 2.0X CO, 98.0X high purity nitrogen. 

7.3.3 4.OX CO, 96.OX high purity nitrogen. 

CAUTION : These tanks should be stored in a well 
ventilated area such as a fume hood due to the 
poisonous nature of CO. 
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8. Procedbre 

8.1 Sample Preparation - Place 30 to 80 randomized packs (800 - 

1200 cigarettes) in a composite pool (normal sample size). 

8.1.1 Randomly select 80 cigarettes from the composite 
sample pool and butt mark. 

8.1.2 Normal butt markings are: 

Filtered Cigarettes - tipping pits* 3 mm. 

Plain End Cigarettes - 23 mm. 

8.1.3 Place a filter insertion mark on the filter 
tipping 11 mm from the end of the filter. This 
mark designates how far the filter end of the 
cigarette is inserted into the dental dam on the 
smoke trap holder (8 mm insertion into dental 
dam plus 3 torn for plastic lucite bar on Phipps & 
Bird smoke machine). Plain end cigarettes carry 
the same insertion mark. 

8.1.4 Place the 80 cigarettes into a plastic 
Tupperware container, which is then capped, 
computer labeled, and delivered to the smoke 
laboratory. 

8.1.5 Condition the cigarettes in the Tupperware 
container (uncapped) for at least 16 hours at 75 
± 2*F and 60 ± 22 R.H. Typical moisture 

level in the tobacco after conditioning is 
approximately 13.52!. 

8.2 Smoking Machine Setup, Calibration, and Checkout 

Check the smoke machine each day as follows: 

8.2.1 Check the syringes for oil content. They should 

contain at least 2 cc of oil (Hi-Vacuum Pump 
Oil) to lubricate and leak seal the plungers. 

To add oil, unscrew the syringe by hand, remove 
plunger and add oil to the large open end of the 
syringe while keeping a finger over the small 
threaded end. Replace the plunger and! reconnect 
the syringe, being careful not to break the 
metal tip off of the syringe when tightening. 
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8*2*2 Turn the mein power switch to ON. Turn the 

power switch on the console to ON (this powers 
the plug strip in the smoke machine). Set the 
normal/volume check switch to NORMAL* Set the 
clock switch to AUTOMATIC. Allow the machine to 
cycle at one minute intervals for 10 - 15 min¬ 
utes. While the machine is cycling, measure the 
one minute time intervals with a stop watch. 

The time of each cycle should be one minute 
i0.Q5 seconds;. 

8.2.3 Volume check two different reference ports each 

morning le.g. - a combination of ports such as 
1411, 2412, 3413, ... 10420). After completion 
of the smoke schedule for the day, volume check 
all ports and reset to a 35 ±0.3 cc volume if 
necessary. Volume checking of each port is 
accomplished as follows: using an inverted 
50 cc buret and SNOOP, draw the solution up to 
the 40 cc mark to lubricate the inner surface of 
the buret. Turn the normal/volume check switch 
to VOLUME CHECK and the clock switch to MANUAL. 
Using a single bubble, adjust to approximately 
0.5 cc on the buret and insert the tube from the 
buret into the port receiver. Press the manual 
trip switch on the cord extending from the File- 
matic unit in the base of the smoking machine. 
Subtract the original bubble reading from the 
final reading obtained after pressing the switch 
on the cord. The volume measurement for each 
port should be 35 ♦ 0.3 cc. Make necessary 
adjustments to any port that is outside these 
limits. This is accomplished by loosening the 
set screw on the eccentric cam located next to 
the base of the syringe on the lower cam shaft. 
Move the cam up or down as required and lock the 
set screw* Measure the puff volume again as 
above. 
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8.2*4 The standard puff duration is 2.0 ±. 0.05 

seconds for an individual puff. Use a standard 
automatic timing device to measure puff 
duration. This device plugs into the timing 
circuit located on the upper right hand corner 
of the smoke machine cabinet. 

8.2.5 Check the puff counters to see that ten units 
(10.0) are registered with each puff; if neces¬ 
sary, adjust the pulse generator located in the 
rear of the puff counter cabinet so that each 
counter registers 10.0 count units. 

8.2.6 Turn the normal/voluoe switch to NORMAL. 

8*2.7 Check the air velocity in the tri-duct hood 

system using the ALNOR velometer and test 
probe. Each tri-duct should be set at 400 ± 

50 LF/min. 

8.2.8 Adjust Che velocity to 400 LF/min at each duct. 

After adjusting each duct, by using the vane 
above the duct hole, read the velocity again to 
insure Che proper air flow across all smoking 
machines. 

8.3 Preparation of Smoke Assembly Traps. 

8.3.1 Use preassembled Celman disposable filters. 

8.3.2 Leak test the assembly before use by subjecting 
it to a vacuum equivalent to 9.0 inches of 
water. Discard all assemblies that do not hold 
this vacuum. 

8.3.3 Fasten a piece of dental dam, 35 to x 35 mm 
square with a 4-6 mm diameter hole in Che center 
(cut with a #1. hole punch), to the front of the 
Celman holder with an M 0 M ring. Care is taken to 
assure that the hole is centered and not 
stretched out of proportion. 

8.3.4 Place the assembly into its proper position in 
the smoke machine tray (ten per tray). 
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